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Chapter 1
LHC Interaction Region Quadrupole LQXB

Engineering note for complete magnet testing at Fermilab

1.0 Introduction

This document constitutes the engineering note for the LHC interaction region
guadrupoles being fabricated at Fermilab. It addresses the adequacy of the design and
installation for testing single magnets at the Magnet Test Facility (MTF) within the
Technical Division of Fermilab. Both generic and specific issues are addressed. Generic
issues are those that pertain to the individual magnets themselves. Specific issues are
those that apply only to the operating modes at Fermilab. For example, relief piping and
relief valve analyses and discussions apply only to this specific installation, are not

applicable to a string of magnets, and we make no attempt to generalize to that extent.

The magnet, piping and vacuum vessels will not be ASME Boiler and Pressure
Vessel Code stamped vessels (hereinafter referred to as "the Code™). We do meet the
Fermilab requirement to apply the design rules of the Code such that the intent of the
Codeisredlized, i.e. that the geometry of all welds are consistent with the Code, that
allowable stresses are met, etc. Fermilab manufacturing practices do not meet all of the
Code requirements, most notably the continuous monitoring of all production processes,
radiography of welds, etc. For that reason, Fermilab procedures require that allowable
stresses be de-rated to 80% of their Code values. For the design and analysis of internal
piping, we have applied the rules and practices outlined in ASME Code for Pressure
Piping, B31.3, "Chemical Plant and Petroleum Refinery Piping". We have designed the
bellows according to the standards of the Expansion Joint Manufacturers Association,
Inc. (EIMA).
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The chapters and appendices included in this note address each of the following
major magnet systemsin detail. Refer to the table of contents for the exact location of

each analysis or component.

Cold mass
Internal piping
Vacuum vessel

| nterconnects

1.1 Summary of results

It will be shown in each of the following chapters that the design of each magnet
system is consistent with the operating requirementsat MTF. Chapter 2 will address the
cold massin detail and will document a maximum allowable working pressure (MAWP)
of 290 psi. The system relief settingsat MTF are set at or below 100 psi. Chapter 3 will
address the design of al internal piping and will show that it satisfies the requirements of
ASME B31.3, when subject to the operating temperatures and pressures summarized in
table 3.0.1. Chapter 4 documents the design and analysis of the vacuum vessel and shows
that it meets the requirements of the Code asit applies to vacuum vessels and to section
5033 of the Fermilab ES&H manual when subject to all the applicable structural loads
and the insulating vacuum load. Finaly, chapter 5 documents the design and analyses of
all interconnect bellows. The requirements, design rules, and cal culation guidelines of
the Expansion Joint Manufacturers Association (EJMA) were used throughout this
chapter. EJMA isthe recognized standards organization for bellows and is referred to
throughout the ASME Boiler and Pressure Vessel Code.

We believe the designs of the systems documented in this note are adequate to
ensure that their operation represents no hazard to personnel or to any of the external

systems to which they will be connected.
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Chapter 2
LHC Interaction Region Quadrupole
Q2 Cold Mass Assembly

2.0 Introduction

The Q2 cold mass assembly in an LHC IR quadrupole consists of two individual
cold masses welded together to form one helium containment vessel. Each cold mass

consists of the following major components.

Quadrupole collared coil assembly
Cold iron yoke

Outer helium containment vessal

The helium containment vessel of the combined cold masses consists of the following.

Four 304L stainless steel skins (half shells)
Four 304L stainless steel alignment keys
Four 304L stainless steel end plates

Two 304 stainless steel end dome assemblies
One 304 stainless steel center tube

One 316LN stainless steel beam tube

The purpose of the cold mass assembly is to maintain the collared coil assembly at its
nominal operating temperature of 1.9 K and to act as the transport mechanism for liquid
helium between magnets when they are installed at CERN. Under normal operating
conditions, the temperature of the vessel is 1.9 K with an internal pressure of 4.4 psig [1.3
bar].

(LHC_IRQ_engineering_note_Q2_rev_A.doc) 6



The cold mass must satisfy all the requirements of the “Pressure Vessels’ section
(section 5031) of the Fermilab ES&H Manual. This section states that all applicable
vessels shall adhere to the requirements of the ASME Boiler and Pressure Vessel Code
Section, VIII. Thisvessel will not be an ASME code stamped vessel. The intent of the

design isto address and adhere to as many requirements of the ASME code as possible.

The assembly can be seenin Figure 2.0.1.

Codcd Mass Skin—.\

Alignment Key—,

Center Tube_

/-End Flite ;
™,
/ “— Q2A Cold Mass

S Q98 Cold Mass

“— End Dome Assembly

Figure 2.0.1 Cold Mass Assembly

The maximum stress that is allowed by Section I, Part D, Table 1A of the Codeis
asfollows:

304 stainless steel: 20,000 psi

304L stainlessstedl: 16,700 psi

316LN stainless stedl: 20,000 psi.
Section 5031 of the Fermilab ES& H Manual requires de-rating of the allowable stress to

80% of the allowed value in cases where the vessal is either fabricated in-house or is not
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code-stamped. This reduces the allowed stressin pressure vessel calculations to the
following:

304 stainless steel: 16,000 psi

304L stainless steel: 13,360 psi

316LN stainless steel: 16,000 psi.

The design pressure for the LHC IR quadrupoles for CERN is290 psi. This
design pressure is the MAWP of the cold mass assembly. Should a guench occur on the
test stand, there is no risk of over-pressurizing the cold mass since the feedbox at MTF is
rated for 100 psi and has arelief set at or below thisvalue.

2.1 Cold massskin and alignment key weld

There was extensive testing and analysisin order to qualify this weld during the
short model program. Samples were tested by outside firms. These tests included
inclusion density, deltaferrite content, tension and charpy impact tests. The full reports
can be seen in Appendix A. Also, a QA plan for production cold masses was created and
agreed upon by both Fermilab and CERN. Each production cold mass will have avisua
inspection, delta ferrite test, leak check and pressure test. The full agreement can be seen
in Appendix A.

The cold mass skin consists of two half shells welded together longitudinally with

an alignment key. A cross section through the cold massis shown in Figure 2.1.1.
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STAINLESS STEEL

ALTGNMENT KEY

COLLARED COIL
ASSEMBLY

TOOLING AL IGNMENT
IRON YOKE NOTCH

Figure2.1.1

The alignment key weld is a Category A, Type 2 weld as described in UW-3 and
UW-12 of the Code. Itisasingle welded butt joint with a backing strip and no
radiographic examination, therefore the joint efficiency, E, is0.65. The design pressure
used in this calculation is 290 psi.

The minimum thickness requirement is given by UG-27 and is the larger of:

f=_ PR
SE- 06P
or
{=_ PR
2SE +0.4P

where: P = internal design pressure = 290 psi
R =insideradius of shell = 7.874 inches
S = allowable material stress = 13,360 ps
E =joint efficiency = 0.65
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For thiscase, t = 0.268 inchesis the larger value. The minimum skin thicknessis 0.269
inches, which islocated at the tooling alignment notch as shown in Figure 2.1.1, so this

requirement is satisfied.

2.2 Cold massskintoend plateweld

The cold mass skin to end plate weld conforms to UW-13.2 (d) of the Codeand is
shown in Figure 2.2.1.

6.431
=TT G
!

O A~
SKIN S
S p
O
— 2.000 f
6.000
REQUIREMENTS PER CODE: [UW-13.2¢c>0
* a+b not less than 2ts
8.284 * a not less the ts, and tp
() not less than the smaller
of ts or 174"
CALCULATIONS:
FEND-PLATE * a+b > 2ts .. SATISFIED

16,474 (a+b) 2 16 (2ts)

* a not less the ts .. SATISFIED
8.19 <> » 800 (ts>
onhd tp not less than
the smaller of ts or 1/4”. .. SATISFIED
6.431 (tp> > 635 mm (25"

(174" smaller than tsd

35.000

Figure 2.2.1 Detail of cold mass skin to end plate weld.

Using the notation from the figure:
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a=8.190 mm
b =8.284 mm

ts = 8.00 mm
tp = 6.43mm

UW-13.2 (d) requires that:
(1) atb3 2t
2 a3t
3 ty3 ts orts® ¥4in (6.35 mm)

All three requirements are satisfied. Technically, Figure UW13.2 (d) appliesto a shell
welded to apressure head. Inthisdesign, the end plate is not a pressure head but the

weld was designed as such.

2.3 End dome Assembly

The end dome assembly is attached to both ends of the cold mass to create the
helium containment vessel. There are pipes attached to openings in the dome as shown in
Figure 2.3.1. These pipes transport helium as well as provide a feedthrough for the
wiring between the magnet and the feedbox when installed at MTF.
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End Dome—,

RS

R

+Cold Mass Pipe

—Hange

. —Beam Tube Opening

Figure 2.3.1 End Dome Assembly

2.3.1 End dome

The end dome is aformed ellipsoidal head. The minimum required thicknessis
given by UG-32 (d)

= M
2SE- 0.2P

where:
t = minimum required thickness of head after forming, inches
P = internal design pressure = 290 psi
D =inside length of the major axis (ID) = 15.748 inches
S = dlowable material stress= 16,000 psi
E =joint efficiency = 0.60
Calculating:
t = [290(15.748)]/[(2* 16000* .06)-0.2* 290] = 0.239 inches

The head thickness is 0.562 inches so this requirement is satisfied.
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Thisisthe minimum required thickness for the end dome without any openings.
Since there are openings in the dome, the requirement for reinforcement must be checked.
There are four openings in the dome so the requirement for reinforcement is given by
UG-42 of the Code, “Reinforcement of Multiple Openings’. The center opening is for
the beam tube. The other three openings are for the cold mass pipes. When considering
the required reinforcement, Section UG-42 (@) (3) states“ A series of openings all on the
same center line shall be treated as successive pairs of openings.” From this statement
and the symmetry in the hole pattern, only two adjacent openings need to be addressed.

These are the center opening and one of the three pipe openings. See Figure 2.3.1.1.

(®3.50>, PIPE OPENING
CHORD LENGTH = 4.00

92,756, CENTER OPENING

DASHED LINES
REPRESENT
exX DIAMETER

SPOTFACE
OVERLAP AREA

A‘J SECTION A-A

Figure 2.3.1.1 Detail of dome.

Section UG-37 of the Code requires that the minimum area of reinforcement for

these openingsis:
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Ar = dtrF + 2tntrF(l = fr]_)

where: Ay = arerequired for center hole
A, = arerequired for pipe hole
d; = inside diameter of center opening = 2.756 inches
d2 = inside diameter (chord length) of pipe opening = 4.00 inches
t, = minimum required thickness of the shell = 0.239 inches
F = correction factor = 1
t, = nozzle wall thickness for center opening = 0.157 inches
th2 = nozzle wall thickness for pipe opening = 0.065 inches

fr1 = strength reduction factor = 1

For this case, A;; = 0.658 in? and A, = 0.954 in’.

The areafor reinforcement available in the dome is given by the larger of:

Agc = d(Ext - Fty) - 2ta(Eat - Ft)(1 - fr1)
or

Aac = 2(t + tn) (Eat - Ft)-2ta(Eat - Ft)(1 - fra)

where: Ay = calculated required areafor the center opening
Aac2 = calculated required areafor the pipe opening
E; = weld efficiency = 1
t = dome thickness = 0.562 inches

teo = dome thickness at spotface, thickness used for center opening = 0.531 inches

The larger values for each area are found to be: A1 = 0.806in” and A = 1.294 in? from
the two expressions above.

It can be seen that these openings are spaced at less than two times their average
diameter. Section UG-42 (a) (1) of the Code requires that the available area between
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openings shall be proportioned between the two openings by the ratio of their diameters.

The overlap areaiis given by:
Ao\/er =(rat| O) Lo\/er (t - tr)
where: Aqer1 = Overlap area of the center opening
Aoverz = Overlap area of the pipe opening
Lover = length of overlap = 0.35 inches
ratio; = ratio for center opening = dy/(d;+d) = 0.41
ratio, = ratio for pipe opening = d,/(d;+d,) = 0.59
This gives Aoe1 = 0.045 in” and Agvez = 0.068 in®. The overlap areafrom the center

opening is subtracted from the avail able reinforcement area of the pipe opening and vice

versa. Thisleadsto the available area for each opening as follows:
Aa = Ax1 —Aover2 and A =Ax2—Aovert
Thisresultsin the true available reinforcement area for each opening: Az = 0.738
in® and Ap = 1.248 in’. The available areas are greater than the required areas, so this

requirement is met.

Section UG-42 (2) requires that at least 50% of the required area of reinforcement

must be between the two openings. The required area between the openingsis given by:

Asgyr = (Arl +Ar2)/2 =0.806 in2.

The actual area available between openingsis given by:

Abetween = Lpetween (t —tr)
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where: Lpeween = distance between openings = 2.778 inches

This gives Apaween = 0.898 in®. This requirement is satisfied.

All the requirements of the Code have been satisfied for an internal pressure of
290 psi.

2.3.2 Cylindrical section

The dome consists of the ellipsoidal portion as well as asmall straight cylindrical
section. Thiscan be seenin Figure 2.3.1.1. Thissection istreated as cylindrical shell
and the required thicknessis given by UG-27 of the Code. The minimum thicknessis
given by the larger of:

f=_ PR
SE- 06P
or
f=_ PR
2SE +0.4P

where: P = internal design pressure = 290 psi
R =inside radius of shell = 7.874 inches
S = allowable material stress = 16,000 ps
E =joint efficiency = 0.60

For thiscase, t = 0.242 inchesisthe larger value. The shell thicknessis 0.315 inches at

its minimum so this requirement is satisfied.
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2.3.3 Cold mass pipes

The welds between the cold mass pipes and the end dome are all single sided
welds made on the outside of the dome. The maximum load on the weld is a combined
load due to the internal pressure and the attached bellows. The force due to internal
pressure is equal to the cross sectional areain the pipe multiplied by the design pressure.
Using the design pressure of 175 psi, thisforceisequal to 2,600 Ibs. The bellows has an
axial spring constant of 68 |b/in and a maximum travel of 1.67 inches. Thisresultsina
bellows force of 114 Ibs. Thisforce is combined with the force due to internal pressure
for acombined force of 2,714 Ibs.. As shown in Fermilab drawings 5520-MD-390197
and 5520-M D-390198, these welds are specified to be a2 mm (0.08 inch) fillet weld.
The stress on the weld is given by

f,
t =
(O(t,)

where: ty, = shear stress in the weld
fa= axia force=2,7141b
| = linear length of weld = 11.0 inches
t,, = weld equivalent thickness = 2 mm/C2 = 1.414 mm = 0.056 inch

For this case, the weld stress, ty, is 4,406 psi which iswell below that allowed by UW-15
of the Code given by:

(20,000 psi)(0.8)(0.49) = 7,840 psi

The welds between the cold mass pipes and the end flanges are category C lap
welds as described in UW-3 (a) (2) and UW-9 (e) of the Code. UW-9(e) requires that the
overlap be not less than four times the thickness of the inner plate. In the case of the cold
mass pipe, the tube thickness is 0.065 inch. The overlap at the end flangesis 0.67 inch so

the requirement ismet. The only load acting on this flangeis an axial load from the

(LHC_IRQ_engineering_note_Q2_rev_A.doc) 17



maximum design pressure of 290 psi. The total axial force acting on the flange is 2,600
Ib. At the end flange, thisforceisresisted by the weld between the cold mass pipe and
the end flange. As shown on Fermilab drawing 5520-MD-390197, thisweld is specified
to bea2 mm (0.08 inch) fillet. The stress on theweld is given by

fa
S =

")

where: sy, = stressin the weld
fa = axia force = 2,600 Ib
| = linear length of weld = 11.0 inches
t,, = weld equivalent thickness = 2 mm/C2 = 1.414 mm = 0.056 inch

For this case, the weld stress, sy, is 4,221 psi which iswell below that allowed by UW-18
of the Code given by:

(20,000 psi)(0.8)(0.55) = 8,800 psi

2.3.4 Beam tube

The beam tube isinserted through the center of the cold mass. Theinternal
pressure of the cold mass acts as an external pressure on the beam tube. The thickness of
ashell or tube under external pressure is given by section UG-28 of the Code. Following

the Code steps:
(c) Cylindrical Shellsand Tubes. The required minimum thickness of a cylindrical shell
or tube under external pressure, either seamless or with longitudinal butt joints, shall be

determined by the following procedure.

(1) Cylinders having Do/t values?3 10:
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Sep 1. Assume avalue for t and determine the ratio L/Dg and Dyft.

For this case t=1.85 mm, Dg=66.5 mm and L=13 m.
Then, L/Dg>50 and D/t=35.95.

Sep 2. Enter Fig. G in Subpart 3 of Section |1, Part D of the Code at the value of L/Dg
determined in Step 1. For values of L/Dg greater than 50, enter the chart at a value of
L/Do=50.

Sep 3. Move horizontally to the line for the value of Do/t determined by Step 1.
Interpolation may be made for intermediate values of Dy/t. From this point of
intersection, move vertically downward to determine the value of factor A. From the
chart A=0.0009

Sep 4. Using the value A calculated in Step 3, enter the applicable material chart in
Subpart 3 of Section I, Part D of the Code for the material under consideration. Move

vertically to an intersection with the material/temperature line for the design temperature.

Sep 5. From the intersection obtained in Step 4, move horizontally to the right and read

the value of factor B.

From Fig. HA-2 for 316L N stainless steel, for A=0.0009 and for operation up to 100 F,
B=9290.

Sep 6. Using the value of B, calculate the value of the maximum allowable external
working pressure P, using the following formula:

_ 4B
" 3(D, /1)

This gives P,=344.6 psi. Thisrequirement is satisfied.
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The weld between the beam tube and the flange is a category C lap weld as
described in UW-3 (a) (2) and UW-9 (e) of the Code. UW-9(e) requires that the overlap
be not less than four times the thickness of the inner plate. In the case of the beam tube,
the tube thickness is 0.073 inch. The overlap at the end flangesis 0.73 inch so the
requirement ismet. The only load acting on this flange is an axial load from the
maximum design pressure of 290 psi. The total axial force acting on the flangeis 174 Ib.
At the flange, thisforce is restricted by the weld between the beam tube and the flange
and also by the weld between the flange and the end dome. 1t will be assumed that only
one weld isresisting the load and the smaller weld will be chosen. Thisisthe weld

between the beam tube and the flange. The stress on the weld is given by

fa
s =

")

where: sy, = stressin the weld
fa= axia force=1741b
| = linear length of weld = 7.76 inches
t,, = weld equivalent thickness = 1.8 mm/C2 = 1.27 mm = 0.050 inch

For this case, the weld stress, sy, is450 psi which iswell below that allowed by UW-18
of the Code given by:

(20,000 psi)(0.8)(0.55) = 8,800 psi

24 End dometo end plate weld

The end dome to end plate weld conforms to ASME Code, UW-13.2 (d) and is
shown in Figure 2.4.1.
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6.431
T G

% DOME

8.000
(ts)

€V

8.190

* 2.000

©6.000

REQUIREMENTS PER CODE: [UW-13.2¢cb]
* a+b not less than 2is
* a not less the ts, and tp

not less than the smaller
of ts or 1/4%

CALCULATIONS:
* ath > 2ts .. SATISFIED

16,474 Ca+b) 2 16 @ts)

*¥ a not less the ts .. SATISFIED
819 () 2 800 (s
and tp not less than
the smaller of ts or 1/4”. .. SATISFIED
6,431 (tp) 2 635 mm (257

1/4” smaller than ts)

8.284

e 35000 ———

Figure 2.4.1 Detail of cold mass skin to end plate weld.

Using the notation from the figure:

a=28.190 mm

b =8.284 mm

ts = 8.00 mm

tp = 6.43 mm
UW-13.2 (d) requires that:

Q) atb3 2ts

2 adt

(4) tp3 ts or t33 1/4in (6.

35 mm)

All three requirements are satisfied.
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25 Center tube

The minimum thickness requirement is given by UG-27 and is the larger of:

f=_ PR
SE- 06P
or
f=_ PR
2SE +0.4P

where: P = internal design pressure =290 psi
R =inside radius of shell = 8.248 inches
S = dlowable materia stress= 16,000 psi
E =joint efficiency = 0.7

For thiscase, t = 0.217 inchesisthe larger value. The minimum skin thicknessis 0.374

inches, so this requirement is satisfied.

The center tube connects to the heat exchanger outer shell through a short vertical
tube. The requirement for reinforcement must be checked since there is an opening in the
center tube. Section UG-37 of the Code requires that the minimum area of reinforcement

for thisopening is:

Ar = dtrF + 2tntrF(l = fr]_)

where: A, = arearequired
d = inside diameter of opening = 3.75 inches
t, = minimum required thickness of the center tube = 0.217 inches
F = correction factor = 1
t, = nozzle wall thickness = 7.95 mm = 0.312 inches

fr1 = strength reduction factor = 1
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For this case, A, = 0.814 in>. The area of reinforcement available in the shell is given by

the larger of:

A1 =d(Est - Ft;) - 2ty(Ext - Ft)(1 - frg)
or
Ar = 2(t + t)(Ext - Ft)-2to(Eat - Ft))(1 - fra)

where: E; = weld efficiency =1
t = vessel wall thickness = 0.374 inches

For this case, A; = 0.589 in” from the two expressions above. The available areain the
shell isless than the required area so the reinforcement in the nozzle must be evaluated.

The minimum thickness of the nozzleis given by UG-27 and is the larger of:

t = PR

M SE-0.6P
or

t = PR

M 2E +04P

where: R, =inside radius of nozzle = 1.875 inches

For this case, t;, = 0.049 inchesisthe larger value. The nozzle thicknessis 0.312 inches,
so thisrequirement is satisfied.

The reinforcement area available in the nozzle is given by the smaller of:

A2 = 5(tn - trn)t
or
A2 = 5(tn - trn)tn
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For this case, A, = 0.410 in? from the two expressions above. Thetotal available area of

reinforcement is given by:
At =A1+ A

For this case, A = 0.999 in? which is larger than the required area of reinforcement, so

this requirement is satisfied.

The welds that connect the center tube to the cold masses are single sided fillet
welds. The maximum load on the weld is an axial load due to the internal pressure. The
force dueto internal pressureisequal to the cross sectional areain the center tube
multiplied by the design pressure. Using the design pressure of 290 psi, thisforceis
equal to 62,000 Ibs. Asshown in Fermilab drawing 5520-M E-390309, thisweld is
specified to be a 12 mm (0.472 inch) fillet weld. The stress on the weld is given by

a

" (L)

where: t,, = shear stressin the weld
fa = axia force = 62,000 Ib
| = linear length of weld = 51.8 inches
t,, = weld equivalent thickness = 12 mm/C2 = 8.485 mm = 0.334 inch

For this case, the weld stress, ty,, is 3,584 psi which is below that allowed by UW-15 of
the Code given by:

(20,000 psi)(0.8)(0.49) = 7,840 psi

2.6 Non-pressureloads
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The primary stress in the cold mass assembly is due to internal pressure. There
are, however, other stress inducing loads that must be addressed. These are discussed in
sections 2.6.1 and 2.6.2.

2.6.1 Welding and cooldown

There is stress in the cold mass skin due to shrinkage that occurs during welding
and cooldown and due to mechanical support of the magnet in the vacuum vessel. This
can be broken down as follows: 14,550 psi due to initial welding, 29,020 psi due to
cooldown, 3,600 psi due to welding the attachment lugs, and 1,210 psi acting at the
supports (see 2.6.2) giving atotal combined stress at operating temperature of 48,380 psi
(331 MPa). Theinitial weld-induced stress was measured during construction using
strain gages mounted directly to the skin. The cooldown stressis estimated by
calculation, which can be seen in Fermilab technical document TD-00-025. Thisstressis
constant at the operating temperature regardless of internal pressure and is not considered
by Division 1 of the Code. Division 2 of the Code considers this a secondary stress®.

The allowable stressis given by Paragraph 4-134 of Division 2:

where: s, = adlowable stress
Sm = stressfrom Sec. 2, Part D, Table 1A for 304L S.S. = 16,700 psi
f = Fermilab de-rating factor = 0.8

For this case, s, = 40,080 psi. The stressin the skin of 48,380 is higher than that
allowed by Division 2 of the Code.

! «Classification of Stresses For The Skin Of The Cold Mass”, Robert L. Cloud & Associates, Inc. prepared
for the SSC.
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The cold mass attachment lugs are welded to the cold mass skin at six places
using atwo-pass weld. It isdifficult to assess the stress resulting from this weld,
however, the strain gauge data from the skin-to-alignment key weld showed a maximum
stress of 25 MPa (3,600 psi) after two passes. Using this, it should be safe to assume a
maximum additional skin stress of 3,600 psi immediately adjacent to the lugs. This stress

isincluded in the total combined stress referenced above.

The interna pressure that would correspond to the average shell pre-stress

developed during welding and cooldown is given by Division 1, UG-27 (1):

_ s Et
R+ 0.6t

where: P = internal pressure
Sw = 48,380 psi, the average stress in skin during welding & cooldown,
E =joint efficiency = 0.65
t = skin thickness = 0.269 inches
R = inside radius of shell = 7.874 inches

For this case, the internal pressureis 1,053 psi, i.e. an internal pressure of 1,053 psi would
be required to increase the shell stress above the assembly and cooldown stress of 48,380

psi. The design pressure of 290 psi iswell below thisvalue.

2.6.2 Gravity load

There are two sources of gravity loads on the cold mass skin. The dead weight
load acting on the cold mass at the support points produces bending stresses in the cold
mass skin. These stresses are a maximum at the supports. The maximum bending stress
is 2313 ps assuming asimply supported structure. These stresses are longitudinal and
are therefore not additive to the circumferential stress that limits the internal pressure.
There is also a bending moment at each of the support lugs. The Q2 cold mass weighs

23,000 Ib. There are six lugs, each of which is 12 incheslong. The maximum resulting
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force on aweld islocated at the center support. Thisforceis 380 Ib/inch of weld. This
force produces a skin stress of 1,210 psi directly under the weld. There are no welds
through the thickness of the material at any of these locations. Thisstressisincluded in
the total combined stress referenced in 2.6.1.

2.7 Pressuretesting

The cold mass assembly will be pressure tested in accordance with Section 5034
of the Fermilab ES& H Manual and UG-100 of the Code. The test pressureis 363 psi,
which is 1.25 times the design pressure. The test will be performed after normal working
hours and only personnel directly involved with the test will be present. The test medium

will be gaseous nitrogen.

2.8 Summary

The LHC cold mass satisfies al the requirements of the ASME Code, however, it
falls short of satisfying the requirements of the Fermilab ES&H Manual due to the 20%
allowed stress derating. Thisisaresult of the combined welding and cooldown stressin
the skin asdiscussed in 2.6.1. Thereisa QA plan in place to ensure the quality of the
cold mass skin weld as discussed in Section 2.1. It was shown that the MAWP for the

cold mass assembly is 290 psi.
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Chapter 3
LHC Interaction Region Quadrupole

Cryogenic piping

3.0 I ntroduction

The cryogenic pipes perform avariety of functions. They transport cryogens
down the length of the cryostat during cooldown, warm-up, and in operation. There are
nine distinct tube that comprise the cryogenic piping. Their descriptions and a summary
of their operating parameters are shown in table 3.0.1. Figure 3.0.1illustrates al the
cryogenic linesin an LHC cryostat.

Table 3.0.1. Cryogenic piping parameters
Description Fluid [OD (mm)|ID (mm) | P oper P max T Flow
(bar) (bar) |(approx)| (g/s)
Pumping line Ghe 88.90 85.60 0.016 4.0 1.8K 8.6
Heat exchanger outer shell Lhe 168.28 | 162.74 1.3 20.0 19K 0.0
Heat exchanger inner tube Lhe 97.54 96.01 0.016 4.0 1.8K 8.6
Cooldown line Lhe 44.45 41.96 1.3 20.0 19K 30.0
LHe supply Lhe 15.88 13.39 0.016 4.0 1.8K 8.6
4.5K supply and return Lhe 19.05 15.75 1.3 20.0 45K 1.1
50-70K shield supply Ghe 38.10 3175 19.5 22.0 60 K 5.0
50-70K shield return GHe 38.10 3175 19.0 22.0 65K 5.0

Figure3.0.1 LHC cryostat cryogenic piping
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3.1 Design codes and evaluation criteria

The LHC quadrupole cryostat piping was designed and built, but not inspected,
per the requirements of ASME B31.3, "Chemical Plant and Petroleum Refinery Piping”.
All of the piping welds are made by Fermilab welders certified to the requirements of
Section I X of the ASME code, visually inspected as described in B31.3 section
341.4.1(a), and passed a helium leak test per Fermilab engineering specification ES-
107240.

3.2 Materials

The pumping line, heat exchanger outer shell, cooldown line, Lhe supply, and
4.5K supply and returns are fabricated from 304 stainless steel. The heat exchanger inner
tube is an OFHC copper corrugation. The 50-70K shield supply and return are 6063-T5

aluminum extrusions.

3.3 Pressureloading and analysis

With the exception of the heat exchanger outer shell and inner tube, the minimum
thicknessis evaluated using the proceduresin 304.1.2(a) of ASME B31.3. The minimum
tube thickness for seamless or longitudinally welded piping for t<D/6 is given by:

PD

t=——

23
where: t = wall thickness
P = interna design pressure
D = outside diameter
S = allowable stress from table A-1
E = quality factor from table A-1A or A-1B

Table 3.3.1 summarizes the results of the wall thickness calculation for each of the

applicable lines.
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Table 3.3.1. Cryogenic piping parameters
Description P D S E treq'd |Pat MTF| t actual
(ps) (in) (ps) (in) | (ps)** | (in)
Pumping line 59 3.50 20,000 1.0 0.005 1 0.083
Heat exchanger outer shell na (see below) 100 0.109
Heat exchanger inner tube na (see below) 1 0.310
Cooldown line 294 1.75 20,000 1.0 0.013 100 0.065
LHe supply 59 0.63 20,000 1.0 0.001 1 0.065
4.5K supply and return 294 0.75 20,000 1.0 0.006 100 0.065
50-70K shield supply 323 1.50 7,300 1.0 0.033 100 0.125
50-70K shield return 323 1.50 7,300 1.0 0.033 100 0.125

**

. Relief valve settingat MTF.

In all casesthe actual wall thickness of the piping is greater than the minimum

required by ASME B31.3. Alsoin all cases, the maximum pressures at MTF as

established by the relief valve settings are less than the design pressures.

331

Heat exchanger outer shell

The outer shell of the external heat exchanger is a special case when considering

the cryogenic piping because it isover 6 inchesin diameter, i.e. the diameter above which
the boiler and pressure vessel code applies, not the piping code. Application of the Code

to determine the minimum required thickness for the outer shell yields the results shown

intable3.3.1.1.

Table3.3.1.1 Outer shell asa pressure vesse (governing equations (UG-27(c))

= —R(ci rcumferential stress) or t = ID—(I ongitudinal stress)
SE- 0.6P 2SE +0.4P
Variable Value Units Descriptions and References
P 300 psi Internal design pressure
R 3.125 in Shell inside radius
S 16000 psi Subpart 1, Section |, Part D, Table 1A, derated to 80% of allowed
E 0.70 Weld joint efficiency (Table UW-12)
t(c) 0.085 in Minimum shell thickness when sized for circumferential stress
t(l) 0.042 in Minimum shell thickness when sized for longitudinal stress
t 0.085 in Minimum shell thickness
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For this case the minimum wall thickness required is 0.085 inch. The outer shell of the
heat exchanger is 6 inch IPS, schedule 5 with an outside diameter of 6.625 inches and a
wall thickness of 0.109 inch so the requirement is satisfied.

3.3.1.1 Endflanges

The welds between the tube ends and the end flanges are category C lap welds as
described in UW-3(a)(2) and UW-9(e) of the Code. UW-9(e) requires that the overlap be
not less than four times the thickness of the inner plate. In the case of the heat exchanger
outer shell, the tube thicknessis 0.109 inch. The overlap at the end flangesis 0.6 inch so
the requirement ismet. The only load acting on this flangeis an axial load from the
maximum design pressure of 300 psi. The total axial force acting on the flange is 9,700
Ib. At the end flange, thisforceisresisted by the weld between the outer shell and the
end flange. Asshown on Fermilab drawing 5520-M E-390002, thisweld is specified to
bea3 mm (0.12 inch) fillet. The stress on the weld is given by

fa
s =

")

where: sy, = stressin the weld
fa = axia force =9,700 Ib
| = linear length of weld = 20.8 inches
t,, = weld equivalent thickness = 3 mm/C2 = 2.12 mm = 0.084 inch

For this case, the weld stress, sy, is 5,550 psi which iswell below that allowed by UW-18
of the Code given by:

(20,000 psi)(0.8)(0.55) = 8,800 psi
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3.3.1.2 Cold massconnection

The heat exhanger outer shell connects to the cold mass through a short vertical
tube. The connection of this tube to the outer shell constitutes an opening in the vessel
that potentially needs reinforcement. Section UG-37 of the Code requires that the

minimum area of reinforcement for these openingsis:

Ar = dtrF + 2tntrF(l = fr]_)

where: A, = arearequired
d = inside diameter of opening = 3.75 inches
t, = minimum required thickness of the shell at the design pressure computed
using UG-27(c)(1) = 0.085 (see table 3.3.1.1)
F = correction factor = 1
tn = nozzle wall thickness = 15.9 mm = 0.625 inches

fr1 = strength reduction factor = 1

For thiscase, A, = 0.319in”. The areafor reinforcement availablein the shell is given by

the larger of:

A]_ = d(E]_t = Ftr) = 2tn(E]_t = Ftr)(l = fr]_)
or
A]_ = 2(t + tn)(E]_t = Ftr)'ztn(E]_t = Ftr)(l = fr]_)

where: E; = weld efficiency = 1
t = vessel wall thickness = 0.109 inches

For this case, A; = 0.09 in® from the two expressions above. The available areain the
shell isless than the required area so the reinforcement in the nozzle must be evaluated.

The minimum thickness of the nozzleis given by UG-27 and is the larger of:
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PR,

t =— 1
M SE-0.6P
or
t = PR
M 2E +04P

where: R, =inside radius of nozzle = 1.875 inches

For this case, ti, = 0.049 inchesis the larger value using the first of the two expressions
above. The nozzle thicknessis 0.625 inches, so this requirement is satisfied.

The reinforcement area available in the nozzle is given by the smaller of:

A2 = 5(tn - trn)t
or
A2 = 5(tn - trn)tn

For this case, A, = 0.314 in® from the two expressions above. The total available area of

reinforcement is given by:

At =A1+ A,

For this case, A = 0.404 in® which islarger than the required area of reinforcement, so
this requirement is satisfied.

This opening is greater than half the ID of the shell so the requirements of
Appendix 1-7 of the Code must also be evaluated. Section 1-7(a) states that two-thirds of
the required reinforcement shall be within the following limits:

1) Parallel to vessel wall: the larger of three-fourths times the limit in UG-

40(b)(1), or equal to the limit in UG-40(b)(2);
2) Normal to vessel wall: the smaller of the limit in UG-40(c)(1), or in UG-
40(c)(2).
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The requirements from these limits give an envelope of 5.626 inches by 0.273 inches.
The nozzleis 5.0 inches by 0.109 inches. All of the available reinforcement is within
these limits so this requirement is satisfied.

Section 1-7(b)(2) states that the membrane stress, Sy, shall not exceed the
allowable stress, S, and also that the maximum combined membrane stress, S, and
bending stress, S, shall not exceed 1.5S at design conditions. Case B of Fig. 1-7-1 gives

the membrane stress:

o = pRR AL+ RO R (L4 Ryt,) 8
T8 A 5

where: R, = mean radius of shell = 3.258 inches

R.m = mean radius of nozzle neck = 2.188 inches

For this case, Sy = 4,833 psi, which isless than the allowable stress, S = 16,000 psi.
The bending stressis given by:

where: M = bending moment = 1,128 in-Ibs.
a = distance between neutral axis and inside of vessd wall = 0.519 inches

| = moment of inertia about nuetral axis = 0.032 in*

For thiscase, S, = 18,290 psi. The combined stress, Sy, + S, isequal to 23,123 psi which
islower than 1.5S = 1.5(16,000) = 24,000. Thisrequirement is satisfied.

The cold mass connection tube is attached to the outer shell using afillet weld.
The only load acting on thisjoint is an axial load from the maximum design pressure of
290 psi. Thetotal axial force acting on the flangeis 2,500 Ib. The maximum force which

can be supported by these welds is given by:
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F =s ,pdt E

where: F = maximum allowed force in the weld
Sw = stress in the weld = (20,000 psi)(0.8) = 16,000 psi
d = effective diameter of the weld = 3.5 inches
t,, = weld equivalent thickness = 3 mm/C2 = 2.12 mm = 0.084 inch
E = weld efficiency = 49% (per UW-15)

For this case, F = 7,240 |b. which isless than the total force of 2,500 Ib. sotheweld is

sufficient.

332 Heat exchanger inner tube

The inner tube of the external heat exchager is an OFHC copper corrugated tube.
The dimensions are shown on Fermilab drawing 5520-M C-390011. Copper isrequired
for thermal conductivity. The corrugations provide some reservoir for liquid and add to
the structural strength of the tube. The pressure loading is shownin table 3.0.1. The

most significant load is an external pressure at 20 bar or 300 psi.

The piping code doesn't explicitly address corrugated tubes. 1t addresses metal
expansion joints, but this tube doesn't fall into that category. Asaresult, afinite element
model of the tube was created and subjected to 60 psi internal and 300 psi external
pressue loads. The results from these two analyses are shown in figures 3.3.2.1 and
3.3.2.2.
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Figure 3.3.2.1 Heat exchanger inner tube hoop stress at 60 psi internal pressure
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Figure 3.3.2.2 Heat exchanger inner tube hoop stress at 300 psi external pressure
In addition a sample of the inner tube was subjected to a hydrostatic test in a
fixture made specifically for that purpose. The sample was tested to 500 psi external

pressure with no visible distortion of the convolutions.
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34 Summary

The LHC prototype cryostat cryogenic piping satisfies all requirements of the
ASME Boiler and Pressure Vessel Code, ASME B31.3, and the Fermilab ES& H manual
with the exception of the heat exchanger inner tube which is not explicitly addressed by
the codes. However, in the case of this tube, analysis and test results indicate that the
integrity of this tube is not compromised by any operating mode at MTF or under LHC

operating conditions.
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Chapter 4
LHC Interaction Region Quadrupole

Vacuum vessel

4.0 Introduction

The functions of the vacuum vessel are to contain the magnet's insulating vacuum
and to provide the structural support of the magnet, shield, and internal piping to the
accelerator tunnel floor. In operation, the vacuum vessel is pressurized externally with a
differential pressure of one atmosphere. In the event of an internal piping failure the
vessel may become pressurized internally. The maximum allowable working pressure is

determined in this chapter for both internal and external pressure loading.

4.1 Design codesand evaluation criteria

The LHC quadrupole cryostat vacuum vessel must satisfy all the requirements of
the "Vacuum Vessel Safety" section (section 5033) of the Fermilab ES&H Manual. This
section states that adherence to the Code is not required, but the design rules may be
applied. Because the vacuum vessel contains cryogen lines, the potential for
pressurization does exist. If one of these lines were to fail, cryogens could expand to
pressurize the vessel to the vacuum system relief valve pressure of 1 psi. Both the Code
and the ES& H Manual say that a vessel with an internal pressure of 15 psi or lessis not
considered a pressure vessel. Therefore, for the purposes of testing at MTF, the vessel

functions strictly as a vacuum vessel.

42 Materials

The production vacuum vessel shells are fabricated from spiral-welded L 485 MB
carbon steel per DIN standard EN 10208-2. This material meets or exceeds the
requirements in Fermilab specification 5520-ES-390105 for strength, low-temperature
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toughness, weldability, and leak-tightness. Material certifications are included in
Appendix C. ThisisaEuropean-standard material and not referenced with Code-allowed
materials. However, it isvery similar to SA-516, grade 70 that was used for the LHC
IRQ prototype vacuum vessel so we use properties for that material here. It was chosen
for use at CERN dueto its excellent low-temperature toughness properties. Table 4.2.1
summarizes the material composition and physical properties of the two materials. For
SA-516, grade 70 the allowed stressis 20,000 psi and the allowable temperature range at
this allowed stressis-20 to +500 °F (Section I, Part D, Subpart 1, Table 1A). Section
5031 of the Fermilab ES&H Manual requires derating of the allowable stress to 80% of
the allowed value in cases where the vessel is either fabricated in-house or is not code-
stamped. Thisreducesthe allowed stress in pressure vessel calculations to 16,000 psi and
corresponds to a safety factor of 5. Flanges and access ports are fabricated from 304
stainless steel.

Table4.2.1: Summary comparison of SA-516 grade 70 and L 485 M B carbon steels
C Mn P S Minyield|Min tensile|Elongation

(% max)|(% max)|(% max)|[(% max)| (ks) (ks) (% min)

SA-516 0.31 1.2 0.035 | 0.035 38 70 17

L 485MB| 0.16 17 0.025 0.02 70.4 82.7 18

4.3 Structural loading and analysis

The mechanical load on the vacuum vessel consists of the gravity load of the
internal components and the vessel itself, the internal radial vacuum load, and the axial
vacuum load. The weight of each LHC cold massis different so for the structural load
due to gravity we will consider the weight of the heaviest assembly per unit length, Q3.
The Q3 cold mass and internal components weigh 23,500 Ib (10,680 kg) and are
supported at two places along the length of the vacuum vessel. The radial vacuum load is
equivalent to one atmosphere external pressure. The axial load is equal to the cross
sectional area of the vessel times one atmosphere pressure or 15,000 |b (6,820 k).

Figure 4.3.1 illustrates atypical LHC IRQ quadrupole cryostat vacuum vessel.

Attachments to the accelerator tunnel floor and the internal cold assembly are coincident
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and occur at the two reinforced sections. The end rings on either end of the vessel
provide attachment points for vacuum bellows at one end and the turnaround can at MTF
at the other. The four lugs shown at each end ring provide means for securing the vessel

to the feedbox and turnaround can.

Figure4.3.1 Typical LHC IRQ cryostat vacuum vessel

The stresses due to the gravity and vacuum loads were determined using afinite
element model of the entire assembly. Figure 4.3.2 illustrates the finite element mesh.
Gravity acts on the entire assembly. The vacuum loads are applied as a pressure of 15 psi
acting inward on the outer vessel wall and as discreet forces acting along the length of the

vessel and applied at the end ring.

Figure 4.3.2 Finite element mesh from structural and vacuum load analysis
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The stresses in the vacuum vessel wall resulting from these combined |oads are
shown in figure 4.3.3. The stress component displayed is the von Mises equivalent stress
that is acombination of principal and shear stress components. 1t is commonly used to
indicate the state of stressin structures that might be indicative of material yielding or
failure. The maximum stressin the vessel shell from all the combined loadsis 2335 psi
and is abending stress that occurs at the end of the vessel where the end ring attaches.
This stress is below the alowed stress in the vacuum vessel material of 16,000 psi.

[ L ;.-f-?.; hpianees

Figure 4.3.3 von Mises stress plot of the vacuum vessel shell only

4.4 Pressureloading and analysis

The vacuum vessel is fabricated in sections to allow adjustment of the individual
pieces in an attempt to make as straight a vessel as possible. The individual tube sections
are rolled and welded using full-penetration as shown in Fermilab drawing 5520-M D-
390131. Thisdrawing istypical of all vacuum vessel tube sections. The spiral-wound
longitudinal seam weld is a double butt joint as described in UW-3(a)(1) and shown in
table UW-12(1) of the Code. The weld joint efficiency, E, is 0.7 for the case where no
radiographic examination is made. Tables 4.4.1 through 4.4.3 below summarize the Code
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calculations for the vacuum vessel as an externally pressurized vessel with 1 atmosphere

external pressure and as a pressure vessel with 2 atmospheres internal pressure. The

interconnecting sleeves and mounting frames are treated as stiffeners. The vacuum vessel

has a pressure relief located on the MTF feedbox which opens just above atmospheric

pressure. For the sake of the vacuum vessel acting as a pressure vessel however (table

4.4.3) the design pressure is defined to be 2 atmospheres.

Table4.4.1 Shell asavacuum vessel (gover ning equations (UG-28(c))

Pa:i

3(Ds))

2AE

(methodl) or Pa = ————(method?2)

3(De)

Variable Value Units Descriptions and References
Do 36.00 in Vacuum vessel OD
L (total) 488.00 in Total shell length
n 3 Number of gtiffening rings
L 178.00 Distance between stiffeners
t 0.500 in Vacuum vessel thickness
E 3.00E+07 psi Y oung's modulus
L/Do 4,94
Do/t 72
A 0.0004 Subpart 3, Section |, Part D, Figure G.
B 5800 Subpart 3, Section I, Part D, Figure CS-1.
Pa (method 1) 107.41 psi Calculated maximum allowable external working pressure
Pa (method 2) 111.11 psi Calculated maximum allowabl e external working pressure

Table4.4.2 Stiffening rings (gover ning equations (UG-29(a))

2
DLt + A A s/, PDs
s = and B=2, (———)
14 Vrehy
Ls
Variable Value Units Descriptions and Refer ences
P 15 psi External design pressure (1 atm per FESHM 5033)
Do 36.00 in Vacuum vessel OD
Ls 178.00 in Distance between stiffeners
t 0.500 in Vacuum vessel thickness
As 29.528 in2 Assumed cross sectiona area (38" OD, 1-1/2" wall, 19.685" long)
B 608 UG-29, Step 1
A 4,05E-05 2* B/ E per UG-29 Step 5
Is 0.445 in4 Required stiffener |
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Table4.4.3 Shell asa pressurevessel (governing equations (UG-27(c))

= —R(ci rcumferential stress) or t = ID—(I ongitudinal stress)
SE- 0.6P 2SE+0.4P
Variable Value Units Descriptions and References
P 15 psi Internal design pressure
R 17.500 in Shell inside radius
S 16000 psi Subpart 1, Section I, Part D, Table 1A, derated to 80% of allowed
E 0.70 Weld joint efficiency (Table UW-12)
t(c) 0.023 in Minimum shell thickness when sized for circumferential stress
t(l) 0.012 in Minimum shell thickness when sized for longitudinal stress
t 0.023 in Minimum shell thickness

From table 4.4.1, the maximum allowable external working pressure of the

vacuum vessel, Pa, is 107 psi. The minimum pressure required by the Fermilab ES& H

manual, chapter 5033 is 1 atmosphere or 15 psi so the requirement is met. From table

4.4.2, the required section modulus of stiffenersis 0.445 in®. The section modulus of the

connecting ringsis 5.5 in* so the requirement ismet. Finally, from table 4.4.3, the

minimum shell thickness for the vacuum vessel is 0.023 inch. The vessel wall is actually

0.5 inch so the requirement is met.

4.4.1 Connectingrings

The welds between the individual tube sections and the interconnecting sleeves
are category C lap welds as described in UW-3(a)(2) and UW-9(e) of the Code. UW-9(e)

requires that the overlap be not less than four times the thickness of the inner plate. Inthe

case of the LHC vacuum vessels, the inner tube thicknessis 1/2 inch. The overlapis 2

inches so the requirement is met. From the finite element analysis, the maximum stress

in the tube section at the interconnecting sleeve is approximately 775 psi. Since the weld

is not explicitly included in the finite element model it is necessary to scale the stress at

the weld area by the ratio of the minimum thickness of the weld and the tube thickess.

Thisgives:

n
E

2
]
—
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where: s, = stressin theweld
St = stressin the tube = 775 psi (from finite element analysis)
t; = tube thickness = 0.5 inch
t,, = weld equivalent thickness = 6 mm/C2 = 4.24 mm = 0.17 inch

For this case, the weld stress, s, is 2,280 psi which iswell below that allowed by UW-18
of the Code given by:

(20,000 psi)(0.8)(0.55) = 8,800psi

4.4.2 End flanges

The welds between the tube ends and the end flanges are category C laps weld as
described in UW-3(a)(2) and UW-9(e) of the Code. UW-9(e) requires that the overlap be
not less than four times the thickness of the inner plate. In the case of the LHC vacuum
vessels, the inner tube thicknessis 1/2 inch. The overlap at the end flangesisonly 1 inch
so the requirement is not met. The only load acting on thisflange is an axia load from
theinternal vacuum. Thetotal axial force acting on the flange is 15,000 Ib. At the end
flange, thisforce is resisted by the weld between the vacuum vessel tube and the end
flange. Asshown on Fermilab drawing 5520-ME-390129, thisweld is specified to be a6
mm (0.24 inch) fillet. The stress on the weld is given by

fa
S =

")

where: s\, = stressin the weld
fa = axia force = 15,000 Ib
| = linear length of weld = 113 inches
t,, = weld equivalent thickness = 6 mm/C2 = 4.24 mm = 0.17 inch
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For this case, the weld stress, sy, is 780 psi which iswell below that allowed by UW-18
of the Code given by:

(20,000 psi)(0.8)(0.55) = 8,800 psi

4.4.3 Accessports

The access ports in the connecting rings are openings in the vessel. Section UG-

37 of the Code requires that the minimum area of reinforcement for these openingsis:

Ar = dtrF + 2tntr|:(1 = fr]_)

where: A, = arearequired
d = inside diameter of opening = 3 inches
t- = minimum required thickness of the shell at the design pressure computed
using UG-27(c)(1) = 0.048 (seetable 4.4.3)
F = correction factor = 1
tn = nozzle wall thickness = 12 mm = 0.47 inches

fr1 = strength reduction factor = 1

For this case, A, = 0.14 in?. The areafor reinforcement available in the shell is given by

the larger of:

A1 =d(Est - Fty) - 2ty(Ext - Ft)(1 - frg)
or
Aq = 2(t + to) (Ext - Ft)-2ta(Ext - Ft)(L - )

where: E; = weld efficiency =1
t = vessel wall thickness = 1.5 inches
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For this case, A; = 5.72 in? from the two expressions above. Sincethe available area, A;

is greater than the required are A, no additional reinforcement is necessary.

The access ports are attached to the vacuum vessel using fillet welds. These
welds support the structural weight of the internal magnet assembly and all other internal
components. The weld supports this weight in shear. The maximum force which can be

supported by these weldsis given by:

F =s ,pdt E

where: F = maximum allowed force in the weld
Sw = stress in the weld = (20,000 psi)(0.8) = 16,000 psi
d = effective diameter of the weld = 3 inches
t,, = weld equivalent thickness = 5 mm/C2 = 3.54 mm = 0.14 inch
E = weld efficiency = 49% (per UW-15)

For this case, F = 10,344 |b. The largest load in any LHC cold massis 23,500 Ib shared
by 8 of these welds. In that case each weld supports 2,938 |b so the weld is sufficient.

45 Summary

The LHC prototype vacuum vessel satisfies all requirements of the ASME Code
and the Fermilab ES& H manual with the exception of the joint between the end rings and
the vessel shell. The code requires this lap joint to have minimum overlap of four times
the vessel thickness or 2 inches. The design overlap is1inch. Asshown in 4.4.2 stress
in the weld between the end ring and vessel shell isless than 10% of the allowable stress.
Since section 5033 of the Fermilab ES& H manual does not require strict adherence to the
Code and analysis confirms stresses lower than allowed for the material, exceptional

vessel statusis not required for the vacuum vessel.
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5.0

Chapter 5

LHC Interaction Region Quadrupole

I ntroduction

I nter connect

The interconnect is the region between the magnet and the feedbox when installed

at MTF. The purposeisto transport cryogens, electrical wiring and insulating vacuum

from the feedbox to the magnet. There are thirteen total bellows which make up the

interconnect consisting of seven unique designs. Their descriptions and a summary of

their operating parameters are shown in table 5.0.1.

Table5.0.1. Bellows operating parameters

Par ameter HX Outer | Cooldown | 50-70 K Pumping | Cold Mass [MTF Beam| Vacuum
Shell Line Shield Line Tube Vessel

Internal Media Lhe Lhe Ghe Lhe Lhe Vacuum Vacuum
External Media Vacuum Vacuum Vacuum Vacuum Vacuum Vacuum Air
Operating pressure 1.3 bar 1.3 bar 19.5 bar 1.3 bar 1.3 bar Vacuum Vacuum
Internal Design 20.0 bar 20.0 bar 22.0 bar 20.0 bar 20.0bar | Vac.-1bar | Vac.-2 bar
Pressure
External Design 1 bar 1 bar 1 bar 1 bar 1 bar Vac.-1 bar 1 bar
Pressure
Temperature Range 19-300K [19-300K | 50-300K |1.9-300K |1.9-300K | 1.9- 300K 300K
Minimum Cycle Life |5000 cycles| 500 cycles | 500 cycles | 5000 cycles| 1000 cycles|5000 Cycles| 5000 cycles

5.1

Design codes and evaluation criteria

The LHC quadrupol e bellows are designed according to the standards of the

Expansion Joint Manufactures Association, Inc. (EIMA). All applicable requirements of
the Fermilab ES& H manual as well asthe ASME Code must also be satisfied.

(LHC_IRQ_engineering_note_Q2_rev_A.doc) 47




52 Materials

The convolutions on all of the bellows are 316L stainless steel. All other

components that make up a bellows assembly are either 304 or 316 series stainless stedl.

5.3 Bellowsdesign

The bellows fall into two categories: formed convolutions and welded
convolutions. There are six formed and one welded bellows design. Five of the six
formed bellows designs are similar and are discussed in section 5.3.1. The other formed
bellows, the vacuum vessel bellows, has two sets of convolutions and is discussed in
section 5.3.2. The cold mass bellowsis the only welded bellows and is discussed in
section 5.3.3. All bellows, with the exception of the vacuum vessel bellows, will be fitted
with squirm protectors any time there is pressure applied to the bellows and when
installed at MTF. In addition, the heat exchanger outer shell, cooldown line, pumping
line and 50-70 K shield bellows have integral linersto guard against failure due to elastic
instability.

5.3.1 Interconnect bellows

The interconnect bellows are all similar in design, they have one set of

convolutions. A typical designisshownin Figure5.3.1.

T

Figure5.3.1. Typica hydroformed bellows design (cross section).
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The convolutions were designed according to EJMA Section C-5.2.2. A

computer program was used for the calculations. The input parameters and the results are

summarized in Table 5.3.1.1.

Table5.3.1.1. Interconnect bellowsinput parametersand results.
HX Outer | Cooldown 50-70 K Pumping [ MTF Beam
Shell Line Shield Line Tube
I nput
Bellows D, in. 7.00 2.25 2.25 4.00 3.00
Number of plys 3 3 3 2 1
Ply thickness, in. 0.014 0.012 0.012 .010 0.008
No. of convolutions 36 8 8 16 18
Convolution pitch, in. 0.222 0.375 375 0.250 0.250
Convolution depth, in. 0.275 .375 0.375 .375 0.250
Design Pressure, psi 300 325 325 60 15
Travel, in 1.25 1.25 1.25 1.25 0.875
Elastic Modulus, psi 2.83E+07 2.83E+07 2.83E+07 2.83E+07 2.83E+07
Results

Cdlc. stress, S1, psi 14,609 5,556 5,556 2,394 588
Calc. stress, S2, psi 10,227 7,333 7,333 2,578 1,490
Calc. stress, S3, psi 1,004 1,841 1,841 590 244
Calc. stress, $4, psi 14,577 34,554 34,554 17,110 4,931
Fatigue cycles 5,298 587 587 9,989 18,144
Axial spring rate, Ib/in. 2,232 977 977 301 165
Squirm pressure, psi 304 348 348 80 39

EIJMA requiresthat S1 and S2 be less than the allowable material stress and that (S3+4)
be less than 3 times the allowable material stress. The allowable material stressin this

caseis 20,000 psi. Thisrequirement is satisfied.

5.3.2 Vacuum vessel bellows

The vacuum vessel bellows consists of two sets of convolutions with a straight

section in-between. The convolutions were designed according to EIMA Section C-
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5.2.2. A computer program was used for the calculations. The input parameters and the
results are shown in Table 5.3.2.1.

Table5.3.2.1. Vacuum Vessel bellows input
parametersand results.
Vacuum Vessel Bellows
Input

Bellows D, in. 40.25

Number of plys 1

Ply thickness, in. 0.018

No. of convolutions 8

Convolution pitch, in. 0.500

Convolution depth, in. 1.000

Design Pressure, psi 30

Travel, in 0.7

Elastic Modulus, psi 2.83E+07

Results

Calc. stress, S2, psi 7619.6

Calc. stress, S3, psi 843.6

Calc. stress, $4, psi 39638.0

Fatigue cycles 1421083.0

Axial spring rate, Ib/in. 1006.1

Squirm pressure, psi 237.0

All of the EIMA requirements are satisfied.

The straight section between convolutionsis fabricated from 304 stainless steel
and is considered a tube or shell under external pressure. Tables5.3.2.2 and 5.3.2.3
below summarize the Code cal culations for the straight section as an externally
pressurized vessel with 1 atmosphere external pressure and as a pressure vessel with 2
atmospheres internal pressure. The MTF feedbox, to which this bellows s attached, has a
pressure relief that opens just above atmospheric pressure. For the sake of the straight
section acting as a pressure vessel however (table 5.3.2.3) the design pressure is defined

to be 2 atmospheres.
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Table5.3.2.2 Shell asavacuum vessel (gover ning equations (UG-28(c))

Pa= %(methodl) or Pa=—22E (method2)

3(De))

2AE

3(De))

Variable Value Units Descriptions and References
Do 40.25 in Vacuum vessel bellows OD
L 16.00 in Length of shell
t 0.125 in Vacuum vessel bellows straight section thickness
E 2.83E+07 psi Y oung's modulus
L/Do 0.4
Do/t 322
A 0.0006 Figure 5-UGO-28.0, Appendix 5
B 7250 Figure 5-UHA-28.1, Appendix 5
Pa (method 1) 30.02 psi Calculated maximum allowable external working
Pa (method 2) 35.16 psi Calculated maximum allowabl e external working

Table5.3.2.3 Shell asa pressurevessel (governing equations (UG-27(c))

R P(circumferentialstr%) ort=

(longitudinal stress)

SE- 0.6 2SE+0.4P
Variable Value Units Descriptions and References

P 30 psi Internal design pressure
R 20.00 in Shell inside radius
S 15,040 psi Section VIII, Division 1, Table UHA-23, derated to 80% of allowed
E 0.60 Weld joint efficiency (Table UW-12)

t(c) 0.067 in Minimum shell thickness when sized for circumferential stress

t() 0.033 in Minimum shell thickness when sized for longitudinal stress
t 0.067 in Minimum shell thickness

From table 5.3.2.2, the maximum allowable external working pressure of the

vacuum vessel, Pa, is30.02 psi. The minimum pressure required by the Fermilab ES& H

manual, chapter 5033 is 2 atmospheres or 30 psi so the requirement is met. From table

5.3.2.3, the minimum shell thickness for the vacuum vessel bellows straight section is

0.067 inch. The straight section wall is 0.125 inch so the requirement is met.

5.3.3 Cold mass bellows

The cold mass bellows is awelded bellows. Since EIMA only covers convol uted

bellows, this bellows is vendor designed per our specifications. These specifications are

the operating parameterslisted in Table 5.0.1. Thereisabellows protector that fits on the
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OD of the convolutions to protect the bellows from squirm. The bellows protector must

be installed prior to any pressurization of the bellows. This can be seenin Figure 5.3.3.1.

Figure5.3.3.1. Cold mass bellows protector (exploded view).

54 Summary

All of the bellows to be used in the interconnect at MTF for the LHC quadrupoles
meet the requirements of EJIMA aswell as all applicable ASME Codes and the Fermilab
ES&H manual.
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Appendix A
LHC Interaction Region Quadrupole

Cold mass weld coupon tests
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Weld Inspections on FNAL Q2a and Q2b Quadrupoles

Agreement with CERN Safety Requirements

The schedule of tests for qualification and for production of Fermilab Q2a and Q2b
quadrupoles is consistent with the agreements reached between CERN, Fermilab, and the
US LHC Accelerator Project Office on 19 April 2000 (meeting report dated 28 April
2000 issued by M. Bona,).

Three sets of tests are discussed below:

* Table 1 lists the tests that support the qualification of weld materials and weld
process. These tests were proposed by Fermilab in March and finalized in the
meeting on 19 April 2000.

* Table 2 lists the tests according to ASME Section IX for qualification and re-
qualification of welders (both equipment and personnel). Welders that are
inactive for a period of six months must be re-qualified through the tests listed
in Table 2.

* Table 3 lists the tests to be performed on each series production magnet.
These tests support the requirements of ASME Section VIII and Fermilab
rules for the operation of pressure vessels.

Qualification of the Weld Materials and Process

The qualification of the weld materials and weld process for the Fermilab Q2a and Q2b
magnets takes an approach analogous to that used by Brookhaven National Laboratory
(BNL) for the RHIC magnets and accepted by CERN for the BNL beam separation
dipoles. Fermilab provided documents to CERN in March 2000 describing the design
and analyzing the operational limits of the weld. These documents were accepted by
CERN as stated in the report of the 19 April 2000 meeting between CERN and Fermilab.

Qualification testing will be performed on a mechanical model. The weld geometry and
weld process are identical to that of prototype and production magnets. Coupons will be
taken from the mechanical model and weld sample tests as described in the Table 1 will

be conducted to support qualification of the weld materials and process.

In addition to the tests performed on the mechanical model, one of the prototypes will have strain gauges
applied. The gauges will be applied before welding of the cold mass skin to verify the level of stress
obtained after welding. Since the vertical gap between the two iron halves remains closed, the evolution of
stresses during cool-down does not need to be monitored.

Table 1 Weld Qualification Tests: The tests are conducted according to standards used by

FNAL. Test standards used by CERN, which are comparable but not
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necessarily identical, are listed for reference. Weld samples are taken from the

mechanical model. All tests are conducted at room temperature unless

otherwise noted.

Qualification Tests

CERN
Standard

(for reference only)

FNAL Standard

Tests on Mechanical Model

Visual inspection EN 970 (test) FNAL ES-369730
ISO 5817 (acpt)

Delta ferrite test AWS A 4.2 (test)
Tests on Weld Samples
Visual examination ASME Sec. IX, QW-302.4

o (test)
(macro-examination)

ASME Sec. IX, QW-194
(acpt)

Transverse tensile test
300K, 77 K, and 4.2 K

EN 895 (test)
EN10002-1 (acpt)

ASTM E 8M (test)
ASME Sec IX, QW-153

(acpt)

Impact test

300K, 77 K, and 4.2 K

3 required in heat affected zone
3 required in welded metal

EN 875 (test)
ISO 148 (test)
EN 10045-1 (test)

ASTM E 23-96 (test)
ASME Sec. VIII, UG-84

(acpt)

Fracture toughness test
300K, 77 K, and 4.2 K

ASTM E 1737-96 (test)

Radiographic (x-ray) test

ASME Sec. IX, QW-302.2
(test)

Notes on tests listed in Table 1 — Weld Qualification Tests

1. Visual inspection: Each pass of each weld will be visually inspected along its full
length. Fermilab will specify the acceptance in a written engineering specification.

2. Delta ferrite test: This test was proposed by Fermilab to support qualification. AWS
A 4.2 is a standard of the American Welding Society. Delta ferrite measurements are
taken of the weld at discrete points along the magnet. Fermilab will establish a
written standard for the spacing between discrete points and the maximum acceptable
ferrite number for the GTAW process.

3. Visual examination: This test was proposed by Fermilab and required by ASME Sec.
IX to check the depth of weld penetration.
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4. Tensile test: This test was proposed by Fermilab to support qualification. Uniaxial
tensile testing on welds at 300 K, 77 K, and 4 K will be conducted to determine the
yield strength and ultimate tensile strength of the weldments. According to ASME
Section IX (QW-153) the weld specimens must have an ultimate strength not less
than the minimum specified strength of the base material. For 304 stainless steel,
Table UHA gives a minimum required tensile strength of 550 MPa.

5. Impact test: This additional test was included by agreement between CERN and
Fermilab. Charpy V-notch specimens will be impact tested at 300 K, 77 K, and 4.2
K. Three specimens from the weld and three from the heat affected zone will be
tested at each temperature. According to UG-84, welded specimens must have a
Charpy impact energy not less than the minimum specified impact energy of the base
material. For a minimum tensile strength of 550 MPa, the required average impact
energy of three samples is 27 J/cm” with a minimum impact energy of any one of the
specimens of 20 J/cm’.

6. Fracture toughness test: This test was proposed by Fermilab to support qualification
at cryogenic temperatures. Notched specimens will be tested at 300 K, 77 K, and 4.2
K to characterize the toughness of the weld material. From the fracture mechanics
analysis submitted to TIS (TD-00-025), we require a weld material with fracture
toughness greater than 85 MPa vm.

7. Radiographic test: This test was added by Fermilab to further support qualification.
The weld samples that will be taken from the mechanical model will be inspected
radiographically. ASME Section IX will be used as a guide for the test and
inspection of the samples. The radiographic inspector will be asked to identify
rounded indications and linear indications (cracks, incomplete fusion, elongated
inclusions). The inspector will be asked to estimate their sizes.

Welder Qualification and Re-qualification

Qualification and re-qualification of the welding equipment and personnel will be
according to the requirements of ASME Section IX. Re-qualification is most often
required due to a period of inactivity of six months or more, usually resulting from an
interruption in production. Coupons will be taken from run-offs made during welder
qualification (or re-qualification). Tests as described in the Table 2 will be conducted to
support welder qualification or re-qualification.

Table 2 Welder qualification and re-qualification tests. The tests are conducted
according to standards used by FNAL. Test standards used by CERN, which are
comparable but not necessarily identical, are listed for reference. All tests are done
at room temperature.
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Welder Qualification CERN FNAL Standard )
Tests Standard q
(for reference only) 1
g
Tests on Weld Samples
Visual examination ASME Sec. IX, QW - 1
302.4 (test)
ASME Sec. IX, QW-194
(acpt)
Bend test EN 910 (test) ASME Sec IX 2
ISO 7438 (test) QW-462.3 (b) (test)
ASME Sec [X QW-163
(acpt)

Notes on tests listed in Table 2 — Welder Qualification Tests

1. Visual examination: This test is proposed by Fermilab and required by ASME Sec.
IX to check the depth of weld penetration.

2. Bend test: This test is required by ASME Section IX to determine the degree of
soundness and ductility of weld joints. ASME requires the bend specimens have no
open defects in the weld or heat affected zone exceeding 1/8 in (3.2 mm), measured
in any direction on the convex surface of the specimen after bending.

Production Testing

No destructive tests are required for the Q2a and Q2b magnets. The production welds
will be tested as indicated in Table 3.

The four run-offs from each production magnet will be saved and archived. Each run-off
will be approximately 150 mm in length along the weld and labeled with the magnet
number and location. The run-offs will become included with the engineering file

supplied with each magnet.

Table 3 Production tests on series Q2a and Q2b quadrupoles. The tests are
conducted according to standards and procedures used by FNAL. Test standards
used by CERN, which are comparable but not necessarily identical, are listed for
reference. All tests are conducted at room temperature unless otherwise noted.
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Production Tests

CERN
Standard

(for reference only)

FNAL Standard

Tests on Delivered Units

Visual inspection EN 970 (test) Fermilab ES-369730 1
ISO 5817 (acpt)
Delta Ferrite Tests AWS A 4.2 (test) 2
Leak check Fermilab ES-107240 3
Pressure test Fermilab ES&H 5034 4
ASME Sec. VIII , UG-
100

Notes on tests listed in Table 3 — Production Tests

1. Visual inspection: Each pass of each weld will be inspected along its full length.

2. Delta ferrite test: This test was proposed by Fermilab to support qualification and will

be conducted on each production unit. AWS A 4.2 is a standard of the American
Welding Society. Delta ferrite measurements will be taken of the weld at discrete
points along the magnet. Fermilab will establish a written standard for the spacing
between discrete points and the maximum acceptable ferrite number for the GTAW
process.

. Leak check: This test is required by Fermilab.

. Pressure test: This test is required by ASME Section VIII Division 1. On 1 July 1999
ASME reduced the pneumatic pressure test requirement from 1.25 to 1.1 times design
pressure. Fermilab will continue to pneumatically test each production cold mass to
1.25 design pressure to remain consistent with current FNAL and CERN
requirements.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Kenneth Blount, Lead Engineer
GENERAL INFORMATION:

Tension, fracture toughness, and Charpy impact specimens were machined from 308L and 316L weld
sections provided by FERMI National Laboratory. Initial inspection of the weld of the 308L panel, shown
in Figure 1, confirmed that the weld penetration was satisfactory for machining the requested test
specimens. Inspection of the 316L material revealed similar satisfactory weld penetration. Periodic
examinations during the machining process confirmed the weld penetration depth throughout the panel.

Figure 1. Weld Penetration at the 0-Inch Location of the 308L Panel.

Figures 2 and 3 present the specimen locations for the 308L and 316L panels, respectively. For the 308L
panel, two specimens, COW Charpy #9 and HAZ Charpy #6, were machined from areas to either side of
the section that tension specimens 1 through 5 were taken from. The approximate locations of the FERMI
marked sections of A, B, C, and D are indicated. Three HAZ fracture toughness specimens could not be
machined due to the narrow area indicated by the red circle in Figure 1.

Tension tests were carried out on a 20-kip electro-mechanical Instron test frame. Load and displacement
data were recorded by both computer and plotter during each test. The speed of testing was 0.05 in/min.
During the cryogenic tests, the temperature was controlled with an accuracy of £2°F using liquid nitrogen
(77K) and liquid helium (4K) as the cryogenic media. A calibrated type-E thermocouple was used to
verify the temperature control. The tension specimen geometry is shown in Figure 4.

Charpy impact tests were performed on a Tinius Olsen impact test machine. Due to the geometry
constraints of the weld section, a 0.194-inch thick impact specimen was employed. The Charpy impact
specimen geometry is shown in Figure 5.

Fracture toughness tests were conducted on weld and heat affected zone specimens. The specimen
geometry, prescribed by ASTM E1820, is shown in Figure 6. Due to the material constraints, a sub-sized
compact tension specimen was machined (W=0.6976-inches). ASTM recommends testing a specimen with
a W of 2.0-inches. Cryogenic tests were carried out in a cryostat with displacements being measured with
cryogenic extensometers. The temperature was controlled with an accuracy of £2°F, using liquid nitrogen
(77K) and liquid helium (4K) as the cryogenic media. A calibrated, type-E thermocouple was used to
verify the actual temperature and to maintain the temperature control. Strain extensometers, attached to the
specimen at the load line, were used to measure the crack opening displacement (COD). Fracture
toughness tests were performed on a 22-Kip, computer controlled, hydraulic Instron test frame. Specimen
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

precracking was performed in accordance with ASTM E1820. Specimens were side-grooved prior to
performing the J-test.

The tension specimens for the 308L and 316L weld material are shown in Figures 7 and 8, respectively.
Figure 9 shows all Charpy impact specimens, and Figure 10 shows a representative close-up of one Charpy
specimen. Figure 11 shows representative fracture toughness specimens for both the 308L and 316L weld
and HAZ sections.

RESULTS

Tension test results for the 308L weld sections are presented in Table 4, and data for the 316L weld section
is in Table 5. The load versus displacement data for the 308L tension tests appears in Figures 12 through
20. Similar curves for the 316L tension tests appear in Figures 21 through 23. The double curves seen in
Figures 21 and 22 were the result of the specimens being retested due to load pin failure. Ultimate tensile
strength values were calculated from the minimum cross-sectional area measured before testing. Specimen
T3085 failed in the center key section, but the failure stress for the specimen is based on the minimum area,
which was not the center key section.

Ultimate tensile strength values for the 308L specimens did not display a large degree of variability at any
of the three test temperatures. The average UTS value at room temperature was 100.6-ksi. For the 77K
tension tests, the average UTS value was 147.3-ksi, and 150.7-ksi for the 4K tension tests.

The 316L material exhibited a higher amount of variability in the tension test results than was seen in the
308L material. The average UTS value for the material was 154.1-ksi at 4K. The tension specimen
geometry was chosen for conducting the tests within the geometric constraints of the weld section. A
larger grip section is required to accommodate a larger pin diameter, which would eliminate the premature
failure of the load pin that occurred during the 316L tests.

Charpy impact data appears in Tables 3 through 5 for the 308L weld material, the 308L heat affected zone
material, and the 316L weld material, respectively. Neither the 308L weld or HAZ material nor the 316
weld material exhibited a large degree of variability in the impact data within individual test temperatures.

Post failure inspection of the fracture toughness samples revealed a normal precrack
surface, with no unusual off-angle, out-of-plane behavior. However, the crack
development during the J-testing proved to be difficult in most cases. The high ductility
of the material combined with the subsized specimen geometry resulted in excessive
crack blunting during the tests. Load versus COD data monitored during the J-testing
appeared normal, but pop-in events were observed during several of the tests.

Because of the difficulties in achieving stable crack growth during the J-tests, post-test
data analysis was performed manually and test results are reported as Jq values only. J-
values presented in this report should be used only as a comparison of each
material/location tested. They should not be used for comparison or analysis outside the
scope of this report. Materials Research and Engineering, Inc. highly recommends that

additional tests be performed on standard sized specimens to obtain accurate Jic values.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Results for the J-tests appear in Table 9. Figure 24 shows the trends of the Jg values as a
function of temperature. The Jq values for each material increased, as expected, as the

test temperature was increased.

RECOMMENDATIONS

For the tension and Charpy impact specimens, additional tests must be performed before any
opinion can be formed on the precision and accuracy of the data. Multiple specimens tested at a
given temperature help determine the scatter band for a given material. Three specimens tested
per material type and test temperature are adequate for determining the trends in the response of
the material with changing temperature, but are not adequate for performing a meaningful
statistical analysis. To achieve a better representation of the material, specimens should be
chosen from different lots of material and from different locations within each lot.

MRE recommends that additional J-tests be conducted on standard sized fracture
toughness samples with a width (W) of 2.0-inches. Specimens of this geometry are more
assured of yielding valid results. Another important recommendation is the inclusion of
additional test specimens (six to ten) at each temperature to obtain statistically
meaningful J-value averages. This will greatly improve the understanding of J-value
versus temperature, and will help to quantify the temperature dependence effect of

fracture toughness over the entire range of selected test temperatures.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K

COW Charpy #9

(PO: 524368)
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Figure 2. 308L Panel Specimen Locations (dimensions in inches).




TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)
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Figure 3. 316L Panel Specimen Locations (dimensions in inches).
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Specimen 1 Specimen 4 Specimen 8

I1

Specimen 3 Specimen 2 Specimen 6 Specimen 5

Specimen 10 Specimen 9

Figure 7. 308L Tension Specimens.

Specimen A

I

Specimen C Specimen B

Figure 8. 316L Tension Specimens.



TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Figure 9. Charpy Impact Specimens.

Figure 10. Representative Charpy Impact Specimen.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

308L Center of Weld 308L Heat Affected Zone

316L Center of Weld

Figure 11. Representative Fracture Toughness Specimens.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Table 4. Tensile Data for 308L Material.

Specimen ID Test Temperature Area Maximum Load Ultimate Tensile Strength

(K) (in?) (Ibs) (ksi)
T3081 300 0.03490 3549 101.7
T3082 300 0.03421 3473 101.5
T3083 300 0.03392 3344 98.6
Average 0.03434 3455 100.6

Standard Deviation 0.00050 104 1.7
T3084 77 0.03440 4936 143.5
T3085% 77 0.03529 5350 151.6
T3086 77 0.03500 5135 146.7
Average 0.03490 5140 147.3

Standard Deviation 0.00045 207 4.1
T3088 4 0.03310 4982 150.5
T3089 4 0.03392 5179 152.7
T30810 4 0.03360 5006 149.0
Average 0.03354 5056 150.7

Standard Deviation 0.00041 107 1.9

Notes:

A. Specimen T3085 failed in the center section of the key.

Table 5. Tensile Data for 316L. Material.

Specimen ID Test Temperature Area Maximum Load Ultimate Tensile Strength

(K) (in%) (Ibs) (ksi)

T316A 4 0.03529 4958 140.5
T316B 4 0.03480 5498 158.0
T316C 4 0.03320 5441 163.9
Average 0.03443 5299 154.1

Standard Deviation 0.00109 297 12.2




TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)
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Figure 12. 308L Tension Test at Room Temperature; Specimen #1.
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Figure 13. 308L Tension Test at Room Temperature; Specimen #2.
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TEMPERATURE, 77K, AND 4.5K
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Figure 14. 308L Tension Test at Room Temperature; Specimen #3.
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Figure 15. 308L Tension Test at 77K; Specimen #4.
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
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Figure 16. 308L Tension Test at 77K; Specimen #5.
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Figure 17. 308L Tension Test at 77K; Specimen #6.
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Figure 18. 308L Tension Test at 4K; Specimen #8.
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Figure 19. 308L Tension Test at 4K; Specimen #9.
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Figure 20. 308L Tension Test at 4K; Specimen #10.
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Figure 21. 316L Tension Test at 4K; Specimen #A.
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TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

200000

—FT316B
180000 -
160000 -

140000 -

120000 -

100000 -

Stress, psi

80000 -

60000 -

40000 +

20000 -

0 T T T T T T T T T
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Displacement, inch

Figure 22. 316L Tension Test at 4K; Specimen #B.
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Figure 23. 316L Tension Test at 4K; Specimen #C.
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Table 6. Charpy Impact Data for 308L. Weld Material.

TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM

TEMPERATURE, 77K, AND 4.5K

(PO: 524368)

Specimen ID Specimen Test Energy Initial Lateral Lateral
Location Temperature Absorbed Thickness Expansion Expansion

(K) (ft-1bs) (in) (in) (%)
CCwi1 Weld 300 55.5 0.1950 0.0885 45.4%
CcCwz2 Weld 300 53.5 0.1940 0.0850 43.8%
CCW3 Weld 300 49.5 0.1935 0.0725 37.5%
Average 52.8 0.1942 0.0820 42.2%

Standard Deviation 3.1 0.0008 0.0084 4.2%
CcCw4 Weld 77 37.0 0.1940 0.0520 26.8%
CCW5 Weld 77 38.0 0.1935 0.0495 25.6%
CCW6 Weld 77 36.0 0.1945 0.0515 26.5%
Average 37.0 0.1940 0.0510 26.3%

Standard Deviation 1.0 0.0005 0.0013 0.6%
CcCcwv Weld 4.2 37.0 0.1955 0.0460 23.5%
cCcws Weld 4.2 36.0 0.1990 0.0490 24.6%
CCW9 Weld 4.2 38.0 0.1900 0.0550 28.9%
Average 37.0 0.1948 0.0500 25.7%

Standard Deviation 1.0 0.0045 0.0046 2.9%
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM

TEMPERATURE, 77K, AND 4.5K

(PO: 524368)

Table 7. Charpy Impact Data for 308L. Heat Affected Zone Material.

Specimen ID Specimen Test Energy Initial Lateral Lateral
Location Temperature Absorbed Thickness Expansion Expansion

(K) (ft-1bs) (in) (in) (%)
CHz1 HAZ 300 48.5 0.1880 0.0720 38.3%
CHz2 HAZ 300 55.5 0.1905 0.0650 34.1%
CHZ3 HAZ 300 58.0 0.1905 0.0710 37.3%
Average 54.0 0.1897 0.0693 36.6%

Standard Deviation 4.9 0.0014 0.0038 2.2%
CHz4 HAZ 77 42.5 0.1895 0.0490 25.9%
CHZ5 HAZ 77 49.0 0.1910 0.0480 25.1%
CHZ6 HAZ 77 50.0 0.1900 0.0535 28.2%
Average 47.2 0.1902 0.0502 26.4%

Standard Deviation 4.1 0.0008 0.0029 1.6%
CHz7 HAZ 4.2 45.5 0.1910 0.0510 26.7%
CHZz8 HAZ 4.2 49.5 0.1930 0.0540 28.0%
CHZ9 HAZ 4.2 55.0 0.1920 0.0570 29.7%
Average 50.0 0.1920 0.0540 28.1%

Standard Deviation 4.8 0.0010 0.0030 1.5%
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)

Table 8. Charpy Impact Data for 316L. Weld Material.

Specimen ID Specimen Test Energy Initial Lateral Lateral
Location Temperature Absorbed Thickness Expansion Expansion

(K) (ft-lbs) (in) (in) (%)
ccwr Weld 4.2 44.0 0.1955 0.0515 26.3%
ccws Weld 4.2 43.0 0.1950 0.0510 26.2%
CCW9 Weld 4.2 37.0 0.1945 0.0525 27.0%
Average 41.3 0.1950 0.0517 26.5%

Standard Deviation 3.8 0.0005 0.0008 0.4%
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM

Table 9. Fracture Toughness Data.

TEMPERATURE, 77K, AND 4.5K

(PO: 524368)

Test Test Yield Tensile Specimen Specimen Initial Uncracked Net Grooved
Specimen ID  Number Temperature Material Strength  Strength Thickness Width Ligament Thickness Ja
(K) (psi) (psi) (inch) (inch) (inch) (inch) (Ibs/inch)

JCOW1 RT 1 300 308L COW 40,000 96,000 0.2530 0.6925 0.2585 0.2030 925
JCOW2RT 2 300 308L COW 40,000 96,000 0.2540 0.6930 0.2570 0.2030 1,000
JCOW3 RT 3 300 308L COW 40,000 96,000 0.2535 0.6930 0.2570 0.2050 957
Average: 961

JCOW4 77 4 77 308L COW 60,000 180,000 0.2535 0.6920 0.2600 0.2020 642
JCOWS5 77 5 77 308L COW 60,000 180,000 0.2525 0.6925 0.2590 0.2070 616
JCOWG 77 6 77 308L COW 60,000 180,000 0.2525 0.6935 0.2600 0.2030 -na-
Average: 740

JCOWT7 4 7 4 308L COW 70,000 210,000 0.2530 0.6970 0.2595 0.2010 480
JCOW9 4 9 4 308L COW 70,000 210,000 0.2525 0.6960 0.2600 0.2020 405
JCOW10 4 10 4 308L COW 70,000 210,000 0.2525 0.6980 0.2610 0.2060 419
Average: 435

JHAZ1 RT 1 300 308L HAZ 40,000 96,000 0.2480 0.6970 0.2610 0.1965 580
JHAZ2 RT 2 300 308L HAZ 40,000 96,000 0.2490 0.6820 0.2475 0.1970 707
JHAZ3 RT 3 300 308L HAZ 40,000 96,000 0.2485 0.6955 0.2595 0.1960 623
Averag_;e: 637

JCOWART A 300 316L COW 40,000 96,000 0.2490 0.6950 0.2630 0.1955 654
JCOWB RT B 300 316L COW 40,000 96,000 0.2485 0.6995 0.2675 0.1970 945
JCOWCRT C 300 316L COW 40,000 96,000 0.2485 0.6925 0.2595 0.1965 950
Average: 850

JCOWD 4 D 4 316L COW 70,000 210,000 0.2480 0.6925 0.2585 0.1980 563
JCOWE 4 E 4 316L COW 70,000 210,000 0.2505 0.6975 0.2605 0.1965 -na-
JCOWF 4 F 4 316L COW 70,000 210,000 0.2505 0.6980 0.2615 0.1965 453
Average: 508
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TENSION TESTS AND CHARPY IMPACT TESTS OF WELD SAMPLES AT ROOM
TEMPERATURE, 77K, AND 4.5K
(PO: 524368)
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Figure 24. Fracture Toughness Versus Temperature.
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CERTIFICATE OF CONFORMANCE
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Fabricatien of chis produc resuliing in funies,

dust or solutions may be injurioks to your henlth.
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I Certify The Above Test Inforination To Be Correct
AS Contained In The Records Of The Company. ’
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Your order Yumber Cxder Date
Jo71 11/13 /2001

Item Depcripricn
SINLE 304773041, HE, A/RT 5-1/2 kD x & PT 4]

Single / multiple Heat Number
TO5ED

Blad / Coil Numbar (41§ applicable)

Itmm Inatruetisns
CERTS ARE Nor REQUIRED

Part Wembar (ir applicakble) Ibem Mark Instruection (1f mpplicabla)

A Burvey of eur marerigl Jources has indicated thac Teither mercury por
radicactiva Substances e introduced inte their producte, or ic used in
iBY of their procepses. Whiles we make nao indspandenc reckg £er marcury
or rhadiation, thers is nething 1n Ryerpen's System. which could ke
Expocted ro gt roduos contamination of either type,

Thip document Certifics that ehe matezrial dagcribed aboveg Wak shipped mn

Your order and that rhe dbtachad daes 1p g Crim copy of the tame repark
furnished by the producer with Eald macerim]l.
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CHEMICAL ANALYSIS
C n P S 51 Cr M1 Ha Cu Co N
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Heated to 1900F min, and water quenched (hearing tims & sppropriate for optimum quality),

gg m]:anf‘y that the a:rommm of this report are correet and that afl operations performed by our company o1
e 18, Chapter 47.

This materjal was produced in sccordancs with Slater Quality Systern Mamuel, Rev. 7, dated 03/17/98

Tensile specimen 305",

Hardness Is mid-radiue locarion unless otherwise stated.

Melted and manufacrured in North America(NAFTA)

No welding or weld repair done,

Material conforms ko histed specifications.

Results ielate only to the tems texted. Gerlification shall not be reproduced amm%m, witheut the :mmhm;;um 'i‘{ gnum
‘Stsels Corparation. The recording of faiss, Tieaous, o fraudylent siaements on geument may be pun 1Y ] ¥
under federal statutes, including Fedaral law, Tilie 18, Chapler 47. Consuh msteria) safety duta shest (MEDS) for hazard Info,

I horeby conify Ul the rsported rflouras sre commeet 88 cortalned In the racords of ithe corporetion.

Menaper Labomiory Scrvices f) -
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Sandvik Steel Company
F.O. E?x 1220, Scranten, PA 18591 PH. [(570) SES-7500
Plant Logation; $8%2 Griffin Pond Road, Clarks Summit, PA

WL

P. 10/10
F.ez.p2

1 of 1
2002045088

18411

Seld To: MARMON/XEYSTONE CORF, (60)BOLShip To: MARMON/KEYETONE CORP. (£0)

BOLINGBHOOK TIL BOLINGEROOK I
Cuastomar Order Mo: E023253 Certificacion Date: 200
Sandvik Order MNo: 4894¢6/1
Work Order/Lot: 23604

S o ko om o S o T e PR e = -
(1 e T oy o g g e PR SRR A S T T e O e e o

ASTM AB11-9€ 31 + E2 SANMAC, AMS k6390 (Chamistry only)

Hot ¥inished Procese Annealed Seamleas Tubs
Type MT 304/MT 304L [(SANMAC) Sizmy 3J3.750" X .1
Heac: 454663

MNALYSIS %

c 81 {441 B =] cx
Heat 012 .40 1.15 L0328 -033 18.33
Prod 009 .38 1.%4 027 .021 18.27

Mo Cui
Heart -4z 29
Prod .41 .49
Mechanical Tenkts:

¥ield Brrengrh Teneils Elongaticn
0.2% 1.0% Strength in ¥

pei MPa =L E1 MFa peil MPa E2" El0Y Ead Esd
36550 252.1 N/A B4SED ER3 .2 51 W/ M/A N/A

Hardnass Tast Results: 72HRB, 73HRB, 75HRE, 75HEBR

Tendlle Test sample width (l=Full-Size 2=1/2" Strip): =
Counery Of Origin: Sweden

All material subjected to a f£inal sclution annealing heat
Ereatment with material at a temperature of 1500 deg.F.
minimum followed by rapld guenching.

The material has not gome in contact with Mercury or Mercury
coentaining compounds.

Ne walding hag bewn performed on this makarial -

Material has bean manufactured/suppliad in accordance

with Bandvik Steel Company Juality Manual-Standard

Broducts Reviglon 2 daced Wovermber 14, 2001. Quality syscem
hap bean mpproved to I130-5002/ANET/RSQC QB002-1594.
Cartifirate prodiuced in accordance with ZN 10204 (DIN 50045)
alllBI

This ig ce carcify that the contents of thia certificace

aYe correct and acourakbe as contained in fandvik's racorda,
and cthat all above test results and cperationo performed are
in compliance with the requirements cf the purchase order.

Tim Rardall, QA Specialiatc Auchorized Reprementat

lo (ETKMT3I04/304L3 R2) (10} (BAZ)
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dek TATA

L
28215

ggn

Ni
6.106
.07

Roduction
of Aras

N/A
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Castle Metals

5A10

TEST REPORT [DATE |cUSTOMER ORDER # |INVOICE NO.
ATTACHMENT 020772000 37353 [829038
EHE QUANTITY|SIZE-DESCRIPTION AND SPECIFICATION-GRADE lHEAT NUMBER
IE?EEET

4PCS 1-1/2 PLATE 304/304L HR AP STNLS

?ﬁ{?
251 1)
U oy

(i 5:?
k ,;IE
B &

WALCO TOOL & ENG CORP

18954 AIRPORT ROAD

LOCKPORT, IL. 60441-95

A.M. CASTLE & CO. cerifies that the material

shipped is represented by values reported on the
attached Mill Test Report.

COPY
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L1/17/20808 12:83 177ase6an70 G.E. MATHIS 0. FosE 0QL/85

G.E. MATHIS COMPANY
6100 S. OAK PARK AVE.
CHICAGO,IL. 60638

773-586-3800 773-586-0070 (FAX)

FAX TRANSMITTAL FORM
PLEASE DELIVER THE FOLLOWING:
M
% BOB JOHNSON
FROM: PATTY (EXT. #114)

DATE: 11/17/00

NUMBER OF PAGES (INCLUDING TRANSMITTAL FORM): 5

IF ALL PAGES ARE NOT RECEIVED, PLEASE CALL 773-586-3800 AND
CONTACT THE ORIGINATOR SHOWN ABOVE. THANK YOU.

COMMENTS:

C | fres
b Sfor

Mf C=pr

Lo Sk -
N*ﬁsﬂ"
Tilaket

Tan HOHNA AYTTWNAA L¥T OFR NEA TVWA ATIRT THA onsLT 1T



11419/2000 12:03 17735860478 Bm.E. MATHIS 2O, Pase Q705

G. E. MATHIS COMPANY REV. B
5100 SOUTH DAK PARK AYE. CHICAGO |L. 60638 DATE: 8-37
PHOME #773-586-3800 FAX #773-586-0070

CERTIFICATE OF COMPLIANCE

WE CERTIFY THE FOLLOWING PARTS HAVE BEEN CORRECTLY COMFLETED AMD CONFORM
TO THE REQUIREMENTS OF THE CONTRACTUAL AGREEMENT. DRAWINGS AND
SPECIFICATIONS REFERENCED, AND THE PRACTICES OF THE G.E. MATHIS COMPANY
QUALITY ASSURANCE MANUAL

CUSTOMER: FERMI NATIONAL ACCELERATOR LAB. : SWwo # 57233-11
PART # 5520-MD-563585 REW: B REV. DATE: 6/5/00
PO # TASK & 532032 BTY.: 12 SHIP DATE: 11M6M0

COMPLIES TO APPLICABLE SPECIFICATIONS:

MATERIAL: CONSIGNED BY FERMI LAB TO MATHIS 616" STAINLESS TYPE 304L PLATES, 60" X 260"
HEAT NUMBERS 10 pcs #TK4E & 2 pos #RY1E EACH YIELDS TWO SEGMENTS

CERT, ATTACHED

PACKAGING: 2 CRATES WITH - (6) SEGMENTS PER CRATE - G00D COMMERCIAL PRACTICE

WELDING: N/a

WELD PROCEDURE ATTACHED: N/A Q.C. REPORT ATTACHED: YES

COMMENTS: SOURCE INSPECTED BY FERMILAB 11/15/2000 (REFORTS IN FERMI POSSESSICON)

DATE: /7, {/ﬂ‘é /290

AUTHORIZED Q.A. FIGNATURE

DISTRIBUTION:
> G, E. MATHIS CO

INVOICE

SHIPPING
FILE: FORM B51%

20n M HWNA AV TTEAAS LEFE OTFR NEA YTVS AFFT THA 0N LTATT



11/17/7000 12:p3 17735BRRANOTO \ 5.E. MATHIS CO. FrysE  03/05

G. E. MATHIS COMPANY PRODUCT INSPECTION REPORT
6100 SO. OAK PARK AVE, ‘
CHICAGO IL. 60836 . WORK ORDER: # 5"7}-?;3-7 s
PH. 773-586-3800 : DUE DATE: /—gz-Of N
FAX, 773-586-0070 - CUSTOMER: @iy :
, : P:O..# 532033 - s
PART NO. 5538 — b D -36fES | REV. | OTHER " [PAGE ] -
LOT QTY. 2«  |ACCEPT QTY. . |REJECT QTY. |AQL
INSPECTION DATE: ;
COMMENTS: 139ce, panrTiac  om 1 um
' ACTUAL INSPEGTION RESULTS =
REQUIRE CHARACTERISTIC # / £ o [ # = % o #
29 7S of S AN 2397 25575 252,75
Sdsii | J 212 | Xz | 2wl | 2eq2 |
o (2 | 26012 | 22 | 3602 | DEBr2
L Hr TesS | Teul | TNy | Teyg
7’ Y _"hm_ = FE
ceonn e (2.87%2. 0 s |m—— =S
I, -
5.6 MATHIS CO. AUTHORIZED SIGNATURE: __DATE: y/f7 57_'1
CUSTOMER SIGNATURE (WHEN REQUIRED); .- DATE: e

REV. B ' DATE: Jun-97 FORM 8509-2

v Ty

~nn s HAYMENS aVTTEEES JCRT NEQ nNfA YYS TSIRT TR nnsAlITATT
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P Covcione of

mecdanicars. 7. Q.

CLIENTE: FERMILAB

(CUSTOMER)

EQUIPO: 1 VACUM VESSEL TYPE -Q-2 ( EQUIPMENT N° 1)
( EQUIPMENT )

ORDEMN DEL CLIENTE: 537673

ORDER CLIENT:

FABRICANTE: FELGUERA CONSTRUCCIONES MECANICAS S.A.
{ MANUFACTURE )

ORDEN DE FABRICACION: 69.083.00
{ JOB MANUFACTURE )

INDICE (INDEX)

1.- IDENTIFICACION DE MATERIALES ( MATERIALS IDENTIFICATION )

2.- CERTIFICADOS DE MATERIALES ( MATERIALS CERTIFICATE )




r* felguera LISTA DE MATERIALES | noia 1ce 1
construcciones -
L ' bR Cliente: FERMILAB :
e Obra: 27 VACUUM VESSELS (9Q1 +9Q2 + 903
Oficina Técnica ORDEN: 69.083.00
tdatenal Cerificadol FPeso {kg) Cert |_- Identificzs ooz
R A = it ¥ L p . il LN
av | WA Fos Ctd Desigracién Normz  Catidad | EN10204 [Picza® Towi| n° R AT
PLANO 390129 G2 VACUUM VESSEL- CONJUNTO TO-ZB
21 FLAMCE =3
23 T 2 |Brida @1009.6 x 30 AIS! 304 318 a3 66 o
26 1 7982 &
AL 7D —
2 | 2 |Gmind Erida deslzante’ *1C v -
1001 Lt
1002 24 g |Orefetas AlS 304 318 | 58 4 ;
ioa 2 | 882%
22 SELBAN G FLANEE
24 2B 2 |Brida deslizante @ 1055 x 24 AlS! 304 318 3s 70 3 24 108
27
75 [
7 3 2 |T0bo 5914 x 12.7 x 1446 e, Lwsme | 318 |4083l 8166 4 | 397 839
SUFTTET - ASSEM BL
4 2 aﬁéar{te-cénjun:?f: 3
2013 PEATE-SVPIRET 3
2074 44 6 |Chapa-soparie 35 x 1000 x 1100 AgTL A4 £-35 318 |12z 6132 5- = SOS6465- ?'
2015
2008 FERTE -BAIE =
2010 48 3 |Chapa base 32 x 300 x 1000 | asruss 438 31B | 7 | 4 | 93636 3
2011
2007 & et DE ; =
2002| 4C 6 |Guia isas | A 318 | 14 8 | F | €8S ?/‘»??
2003
1005 AMozedeE
t006| 4D | 12 |Tubuladura msi | me | 318 | e lies| § | 28882
1007 i
35 FEANGE |
1| 38 4E 12 |Brida 4 &/8" non-rotatable AlSH 504 318 | 039 468 G} 00035
37 .
i 80DV OF SUPPLET _ !
ﬁ 4F 3 |Cuerpo de soporte ; ﬂg’“ passtte | 3718 |[4355 i 12307 10| g2 363
2057 .
s | s | 2 |FuB8Bet14x12.7x 4140 S | Lsus | 318 |1168 |23 | 4 | 388 834
4 02052 4 !
1 SePsw !
3 6 &4 |Ternillo M12 x 50 DIN312 Diter  1.4301 2.1 | 006 | 384 | Ar A —
31 |
2 WA SHE L
4 5 64 |Arandela A13 DINT25 DUNZEF 14501 2.1 0,01 | 6,64 p",';? —
32
F-:?"}' DEICH A
BT el Predenm vl clon
‘I;':'; b ' -': s L: -'El- _? -::. E g
== LR ] o {
LR R, T — p——
CANTIDADES PARA 1 VACUUM VESSEL 'f_ﬂg-' M
SON 8 VACUUM VESSELS '
: ” —ay= M fr
EQUIPHENT W* 1{ IYPE QP .
Peso total = 5513,58 Kg.
Realizo: Revisd: Modificaciones Fechal/ Realizo | Fewvst
- |t ~ s |Donde se indica Ll ,.-Lfé:v s
T g o :
1 [SS—- ] i
Fecta:  Z408/01  |Fera  24/08/071
SO L




' EUSKKAL FORGING, S.A. CERTIFICADO DE CALIDAD | renfaie ot
Paligonio m S;:é E‘i{:’; i-ﬁ‘?- H4.12 J Cerfificate / Werks - Abnahmezeugnis/ Nr. 512048
20270 IRURA |Guiptzcoa) Certificat de fabnque - Wark del BI04
E. MAIL: tecnico@euskalforging.com EN 10204 3.1.8. ——
CLIENTE FELGUERA CONS, MECANIGAS S A. 'PEDIDO Nr 5032585
Bestalier - Client - Cliant Bestall Nr, - Commands Nr. - Crder Nr .
MATERIAL A1B2 F304L ( AISI 304 ) |NORMA ASTM - 01 7 )
Werksteff - Maléne! - Matenal | Maim - Valeurs de demandées - Requofimaents : '/‘,-'
TRATAMIENTO TERMICO SOLUTION ANNEALED ESTADO DE SUMINISTRO ~ MACHINED
wiirmepehandiung - Traeman thermigus - Heat tratement Ligterzustand - Etat de fivraison - Siate of delivery E—
M Pos | pomeno de pezas N." deccolada | B deprobata
For It el Articulo - Gegenstand - Designation du produit - Article el Ny Frode .
sle M. L ialles M. dapproissa e
Il B Mo, Mumbee of pecas Hagl Tast, Mo,
021 2 End flange sccording o drawing B308300-1 rev. 0 20824
Dimensions : 1015915 % 40
Charge Order © 5208300 - 000
ENSAYDS MECANICOS - Ergebms der Prifungen - Résultats des Epreuves - Results of Tests
L ELASTICO LELASTICO | L ROTURA | ALARGAMIENTD | ESTRICEION AESILIEHCIA
e COLADA N PROBETA Denngremze Slreck: Zuglgstighail Dehoung Emschrdnng Kartechiag DUREZL
Gkt Probe M. L. &' plasticiid lenl.:: _Flésisl_t'.'rce Algrgarman astahm': p{':'u'm bl Harte
Charg Eprowa M “aald Siress ddeomdeman ol Iraction Elangation Bechisclion Resitienod Durese
Henal Specimen W, | SR Yipid airess Temsde slrangi of wrea Impal vatue Handness
FAp; Mimm Aa, Nimm® #m, bimm R b Y - i T,
VALORES REGUEAIDDE === - 1
.l-nlmderlan;uan . ".IE‘P-HI:‘-'JrS dermarnides 0.2% z HB
Walines reguesiced '
KPFa MFa
28824 303 563 5.7 T1.2 - 168
(

ANALISIS QUIMICO - Chemische Zusammensetzung . Analyse chimique Chemical analysis
) | f | | | - |
COLADA c MR Si P 5 Ni | Cr | Mo v g | AY | £u
|
20824 o1 173 a7 028  .023 g.zj' 1aa?
, |
NOTAS 3
e N. VALUE = 0865
Hotas
EUSKAL FORGING, S.A. INEFECCION - SACHVERSTANDIGE - INSPECTEURS - INSPECTORS
OPERADOE - Sachbearbedar SUPERVISOR - wmlgtum CLIEMTE - Bastallar *
Exézute par - Perdormer by Approuyé par - oved by Ghiend « Customer
EUSKAL F 5, S{A
Asaguranfte e
=




PALPADOR 825N DISTANCIA ENTRE CONTACTOS
#7 | Probes - Prefiapie - Paneus = Destance tlwean tentacts - Absizad zwischen den comfakion - Dislance enire les contacis
f 024 mm. ALTERNA FOTEMCIA
DIMENSIONES CORRIENTE .S
Sires - Abmassungan « Dimonsipns = | Coyriary -E—:_-'_un‘l = Courant CONTIMUA —_ A
FRECUENCIA i | MAGNETIZACION
Frequency - Fraquens - Frequence Magnotzation meined - Magnsisienngsverdhaien - Mithode de magnelisaan
N ECO DE FONDO

CALIBRACION ILUWINACION il
Citibration - Katorigtung - Calibration | Ligghling - Salexciiung - Eclaimpo ARTIFICIAL LUZ NEGRA

J FARTICULAS VIA HUMEDA, COLOR
AMPLIFICACION +6.48 P:::u_—,:g n':e:.,;!u_-.a -Parkabartanen [~ . .. |
Ainificatice - Vestestashaing - Arphlication Wl e parmCies SECA =
ACOPLAMIENTO L MARCA
Couplant - Kopplmgemetnote - Couplan == Trade mak - Mark - Bargue

PECIFICACION [0 CONFORME COM ESPECIFICACION
HESULTADD l::lc:, E;sz?&h:fpg?k:ﬁ -EEEHM SRt FI?EEJSISU LT#'DO A o spee. - Leunspeaiiacon - Solon spécilication
ki 1 ME CON ESPECIFICACION ] NO CONFORME GON ESPECIFICACION
ittt s |_ NO CGN FGH E GO Ergobnmisse v
wa“ﬂu Mp¢ Acc. lo spec -Michl Laul spezification - Mon conl. i 1s epae Rsinars Mot Acc, to spec icht I_'u:u sperfianban - Nnnwrt @l spec.
00 HECHAZADD Pejestion - Asschiss - bl [l RECHAZADD Rejectan - Ausschiiss - Rébul LN

NOTAS

N

EUSIKKAL FORGING, S5.A. 2%, | CERTIFICADO DE CALIDAD | Do0S: 10,08 RS
Poligano Ind. s/ - Telef.743.69.14.12 2 | Work - Certificate/Werks - Abnahmezeugnis/ St =
Fax, 943.69.16.54 Certificat de fabrique Nr, 213048
20270 IRURA [Guiphzcoa| i S del BT
E. MAIL: tecnico@euskalforging.com st vam-di-al

CLIENTE FELGUERA CONS. MECANICAS S.A. PEDIDO Nr | 5032585 )
Cliant - Besteiler - Client Dirder Nr. - Bestall Nr. - Commands Nr.,

MATERIAL A182 F304L { AISI 304 ) NORMA ASTM - 01

Matenal - Werksiet - Maksnisl nguer.m&nlﬁ = Marm - Vilawrs da E":_'"'!?.‘"'j_‘if?ﬁ_
TRATAMIENTO TERMICO SOLUTION ANNEALED ESTADO DE SUMINISTRO ~ MACHINED

Heat irailoment - Warmebshandlung - Traitement tharmigue State of dellwiry - Listarzustand :E_r.at de liwratsan

M, Pos | Nimar de pezas | N de colade M. g probets
T | e Articulo - Arficle - Gegenstand - Designation du produit e .o,
fsliﬂ Tk L M. eouhe h:l.f’.:pprm.xer_e

0021 2 | End flange according 1o drawing 6208300-1 rev. 0 29824

Dimensions : 1015815 x 40
Charge Order ; 6208300 - 000
EXAMEN ULTRASONICO ‘ EXAMEN MAGNETOSCOPRICO
Litrasaric examination - Ubraschaliprifung - Exemien par oitrasons | Ktagralic examinabon - Magaetoskiescha prlfung - Examen magneloscopgue

ESPECIFICACION PROS.10.03 (SA-388-95) ESPECIFICACION

Spocification « Sperdikaten - Speotication

Spocilicztion - Speadfikaion - Speofcaion

CHITERIO DE ACEPTACION ASME VIl Div.2 Par. AM-202.2

Accopiance crilenon - Abnahmebesingure - CHsre daoﬁ?mahm

CRITERIC DE ACEPTACION

ASLERLETE erilBnon - Abnahmabadingueng - Gl d'acceptaben

APARATO

KRAUTHKRAMER USHN-52

Apparaius - Spazdikaton - Specilication

APARATO

| - Apparalus - Spezibkalion - Specicalion

ESTADO DE LA SUPERFICIE MACHINED

Tesl suflaca siahs - Chediashzustand - B de surfci

ESTADO DE LA SUPERFICIE

Tast sirfaoe sintus - Obordlashrusiand - E-de sarlace

Hales-Bemerkungan-HNotes

EUSKAL FORGING, 5.A.

INSPECCIIN - INSPECTORS - SACHVERSTANDIGE - INSFECTEURS

| OPERADOR - Partormar by
Sachiweastsadar - Exécuto par

SUPERVISOR - Approved Dy
Gegelmint von §Approuve par

CLIENTE - Customear
Besieler - Gianl

=

CHER

MIVEL

MIVEL [T

Loven - Grind - Mivedau

Ll - Gitad - Nhoau




s i ]
['Actnox. 5. ¢«  INSPECTION CERTIFICATE
o D GIBRAL TR
SALHOMES (LOS BARRIGG CEHT|FIC§DD'DE [NSPECC!DN 3.1.B
TFH], T - 455 6293 09
TAT - 1M4) - 956 67 93 11
N ACCORDING TD CERTIFICATE N*
F13PD L FARR[CS (LaBii)
SEGUN EN 10204 CERTIFICADO e 143830371/ 1

CLSTOMER OUR ORDER N* s
CLIENTE NIFEDIDO e

IMETALNOXIN X IDABLES EUSKADS AN 32133 <

PIND. APERRIBAIN 2P. § YOUR DADER N* ' =

GALDAKAND  VIZCAYA  ESPARA R P
REQUIREMENTS : GRADE - MATERIAL  FINISH - ACABADD
MORMAS APLICABLES Aer 120
- ASTMA-2AOETASBIRTASMESA-24098 ' TR304 Neo, !
TRADE MARK INSPECTOR'S STAMP STEELMAKING PROCESS
SELLO DEL FABAICANTE SELLO DEL INSPECTOR PROCESD DE ACEALA

Ada
DIMENSIONS
DIMENSIONES
COiL ! BOX COMTENT THICKMESS WIDTH LENGTH MARKES | QUANTITY | TEST N°
HOBINAICA LA CONTEMIDO | ESPESOR AMCHO LARGO MARCA |N°PIEZAS | PADBETA
KE4857 038824 BB 25,000 1.503,00 6.000,00 24 1 {03824 C
3

= =

CHEMICAL ANALYSIS/ COMPOSICION QUIMICA (%)

HEAT N° | |

COLADA G CR MM M NI P 5 St
REQUIREMENTS 18,000 8,000

REQUISITOS 0,080/ 20,000| 2,000/ 0,100/10,500| 0,045| 0,030] 0,750
BBE24 0,063( 18,120/ 1,935| 0,048| B,160| 0,034 o,001| 0371

L L]

1 [cERTIFICARO N 2
l L | _=
MECHANICAL PROPERTIES /| CARACTERISTICAS MECANICAS

TEST N° eemt] Am. Rp 0.2 ABD HRB I
PROBETA NAMMZ  [MMMZ (% "
REQLHREMENTS el 515,00 205,00 40,00 |
REQUISITOS b ke 92 .00
038824 ot si28 280,7 50,8 91,0 L
.-,I_‘CIPJ,EL EHye =G NE| Fara
=" R CHEET,
[ ADO CORRESPONDE A pdare
RIAL SUMINIST THE
RADD con NiliEs
TRO ALBARAN ppo ‘;5_? Z 3 =
POSICION (Eey i
| | | 1
INTERGRANULAR CORROSION SURFACE AND DIMENSIONAL CONTROL
COARDSION INTERGRANULAR INSPECCION SUPERFICIAL ¥ DIMENSIOMNAL

ASTM-A-Z62 PRACTICA £

REMAREKS /| OBSERVACIONES
Temparatura de hipertemple entre 1050 y 1100 °

Wo
INSPECTOR NIF.:B-23830803

434358 Logrezanai < CARREN!

0.l 69.082.90 Ma:=Z J.A. Simén
ac. ¢cq.082.00 Ma - {p0{ -{0o2 =~ - Palmaues, 5 JuNID 2000
FOTO009 (Factorta) N T M Pamo. 5032¥93 i

OvGa ReS: gmlon s T




EUSKAL FORGING, $.A. -5, CERTIFICADO DE CALIDAD DOCS. 10.03 A=v. 3

Foligano ‘;‘; A lﬂé:fgim-' 14 Certificate / Werks - Abnahmezeugnis/ pCertificado: 2103272
20270 IRURA. (Guiptizeoa] Certificat de fabrique - Work del £ldues
EN 10204 . e 2311007

E. MAIL! tecnico@euskalforging.com

CLIENTE FELGUE | | PEDIDO N
2 RiA CONS. MECANICAS S.A. I
Bestelier - Clent - Gl 5.4 ) Bestell Nr.- C;:.mmanda{m;-zaﬁr Bi
MATERIAL o
ATB2 FI04L [ AISI 304.) INDHMA ASTM - 01
Warkstolf « Matarial - Material | Niarm - Yalaurs de dermandées - Requenments
TRATAMIENTO TERMICO SOLUTION ANNEALED {ESTADO DE SUMINISTRO MACHINED
Warmebehandiurg - Traltemant thermiqus - Heal lrailement | Listerzustand - Etat e Ivraison - State of delivery
N Fos | Mimaende pozas A% di colada N, d probeta
Lrnie A Articulo - Gegenstand - Designation du produil - Article Schinzg I Frab N
I N, coulea H.d'approuvetie
Fem Na Humiger ol pleces Hoat Mo, Test Ma
| |
0022 s Siiding flange according to drawing 6908300 - 2B rav. O 20108

Dimensions : 1055928 x 29
Charge Order : 6308300 - 000

[EERT’IFICADO N.* 6

ENSAYOS MECANICOS - Ergebnis der Prilfungen - Résultats des Epreuves - Results of Tests

L ELASTICD L ELASTICD L FOTURA ALARGAMIENTD | ESTRICCION | RESILIENCIA i
e GOLADS N PROBETA Denngrenze Sirech- Zugssighien Diefrung Enaciindiung Krrhschiag DUREZA
Gtz Prabe b L d'nlmsticitg fﬁ.’l‘:f AEEstance sHongement | _.“l‘"":m“ artsit Hare
Charg Eprouva Nr. Yokt siress o letilamant B Iz madtion Elorgmtion R:dﬂ-lwpéﬂ;h‘ Fésiience Dureig
Haat Spechnen Mr | ., CHRE Yiek sirass Tensie sirength | al afan Impact vaiie Fandness
| Rp, Wimm? R, Wimm’ R, binen’ [ R ereney, W . HAL e s | A ! |
| VALGRES REGLUERIDGS | — = — — [
Asniomde En - Valdues damandis
e | g x | us
| e —
' MPa MPa .
29108 | 330 565 80.1 74:2 i | 188
|
|
AMALISIS QUIMICO - Chemische Zusammensetzung . Analyse chimique - Chemical analysis
COLADA c Mn ‘ Si P s Mi Cr Mo | v Ti Hb Al cu
|
29108 e 1.41 B2 025 REEy B.50 18,15

| | |
NOTAS /4: oY

Bemarunigsn

Moles M. VALLIE = .083
Hotes ACCORDING TO ASTM E-45-97 Method A Class 2 FINE SIZE 0,5 ; GROSS SIZE =05
ELUSKAL FORGING, S.A. Il INSPECCION - SACHVERSTANDIGE - INSPECTEURS - INSPECTORS
OPERADOR - Sachbearhedar SUPERVISOR - Gagahrmg! CLIEMTE - Beste#iar

Exdicule par - Perdormer by Client - Customear

ELS

FE S WERA et i Taag)




| Dimensions ; 1055/825 x 29
Chargse Order : 6308300 - 000

GERTIFICADO N!

b

EXAMEN ULTRASOMICO

Ultrasonic atamination - Uliraschallpaitiang « Examen par pliresans

ESPECIFICACION
Speilication - Spezifkation - Specicatan

PROS.10.02 (SA-385-95)

| EUSKAL FORGING, S.A. 3}[ CERTIFICADO DE CALIDAD COSE 106 e 3
' Poligono ind. s/n - Telef.943.69.14. ’2 g | Work - Certificate/Werks - Abnahmezeugnis/ Ncarﬂﬁmm' Zihgea
Fa. 943.68.16.54 E] B : g r. 212048
s 20270 IRURA (Guipdzcoa) =- b5/ Crrihcitng tebig del 23/110/01
E. padL: tecnfccr@eus.kaFforging.cmn\aw“ wam-u-gl
TLIENTE FELGUERA CONS. MECANICAS S.A, L PEDIDO Nr 5032585
Cliend - Bestollor - Cherit Cerdar Mr. - Boslell M - Commanda N,
MATERIAL A182 F304L ( AISI 304 ) NORMA ASTM - 01
| Katerial - Warkstedf - Matens! __Requenments - Morm - Vakaurs de demandeées
TRATAMIENTO TERMICO SOLUTION ANNEALED ESTADO DE SUMINISTRO ~ MACHINED
Heat tratemant - Warmebehandiung - Traitement thermigue State of delvery - Lietsrzustand - Elat da livraison
M. Pas Mimem de pigzas MN.*de cofada M7 de proben
oo ""““‘;"_::;af‘:l""’ Articulo - Article - Gegenstand - Dasignation du produit Pl Rl
Posle M Gt N, Eoiléo N. daporouvene
o2z 2 Sliding flange according to drawing GO0A300 - 2B rev. 0 29108

EXAMEN MAGMNETOSCOPICO

Magnelic exammation - Magnetosicsische prilung - Examen magnetosoopgua

ESPECIFICACION

Spocificatizn - Spezifikation - Spesilication

CRITERIO DE ACEPTACION ASME VIl Dwv.2 Par AM-203.2

Agteptance grenon - Abnahmabedingung « Criters dacceptation

CRITERIO DE ACEFPTACION

ACCEpEaroe Crilenod - Alehmebedmguing - Crilepe- TBC0CpLAlTn

Appasaius - Sporilikalicn - Specibcabon

APARATO KRAUTKRAMER USN-52

APARATO

Apparatys - Speziikason - Specdicasion

ESTADO DE LA SUPERFICIE MACHINED
Test surtace stans - Otarlistheustand - Sl ge surtace

ESTADO DE LA SUPERFICIE

Teal surtacs stalus - Dtesllastscsiand - Etat o2 surtace

=

| Sachboarbader - Exsiute par

Hales-Bemorkungen-Moles

EUSKAL FORGING, S.A. e

INSPECGION - INSPECTORS - SACHVERSTANDIGE - INSPECTEURS

PALPADOR B25-N DISTANCIA ENTRE CONTACTOS
Probas - Prokegla - Paipguis i Destance betweon conlbels - i‘lﬂnlfl'-u renschEn din conbaklan - Dnstarce enlrs 83 conladis
DIMENSIONES oLl CORBIENTE _ ALTERNA | POTENCIA
Sizes - Abmestungen - Dimengions Canreent - Slrom - Court GCONTINUA o
FRECUENCIA L MAGNETIZAGION
Frapuency - Freguons - Foquonca - magnanzatson meirad « Magnebmomng ﬂ\ur"'hu.nr MLI:IDﬂe dé magneizabon
ECO DE FONDOD
CALIBRAGION ILUMINACION | NATURAL
Caabrahon « Kalriofuryg - BDII“:HEI!I?!"_ = Lighiirig - E-.*-'_eﬂ:"h:'lg - E::E.!_I_Iil['[-_'_ - _ﬁFET'F'CiAL LU’Z NEGHF‘-
=] AS VI HUMEDA COLOR
AMPLIFICACION il Ralifl e 2 Lo
; Amplilication - isssiishung - Ampefcaton Viosa dns partcules SEC.A

ACOPLAMIENTO ik MARCA
Cauglant = Knppluﬂﬂmﬁcl.l'.lfﬂme Couplant _Tiada mak - Mark - banguig

iJ COMFORME COMN ESPECIFICACION {1 CONFORME COMN EEFEG]F!CACION
RHE?SULTADD ACc o spac - Lasttspezifikation - Selon spacilicaton EeE.u?gU LTADO F-l:c 1w spac. - Lavltspazifikation - Sclan
E%?tmmssa [J NO CONFORME CON ESPECIFICACION Ermstarnza [0 WO CONFORME CON ESF“ECJFJC.&QGN
Resaltats Mot Ao, 1o spoc. <Michl Laut spezifikalion - Ban cort. o ln spec Rasuliass Mot fos, 16 sprc. «khichl Laat spezifikation - Noa :nrrl i Iy spet

[ RECHAZADD Rejecticn - Aussehiuss - Ritut O RECHAZADD Rejecion - Ausschiuss - Ridbut
MOTAS

QPEHADD'H - Prfodrmer by SUPERVISOR - Approved by
Gegehmigt vog - Approuve par

IRENG, S

prro Coldodt

_J:.-

-

I_|..:'\.l|:|l = GErmd - Miveau

MIVEL
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EISEN- UND METALLWERKE FERNDORF GMBH

D-57202 KRELZTAL - POSTRACH 11 40

FELGUERA CONSTRUCCIONES
MECANICAS SA
APARTADO 206 — LA FELGUERA

CARRETERA LANGREO-OVIEDO, S/N
33930 BARROS / E

%PA(&NA "
STAHLGROSSROHRE (LANGS- U. SPIRALGESCHWEISST) - FLANSCHE - SONDERMASCHINEN

IHA ZEICHEN IHAE MACHRICHT VO b\@%ﬁ ZEHIHEN DATL

Kiel-ré 17.1 U'.Gitt

Your purchase order No. 5032566
Our job No. 21 186

ICERTIFIGADD N* l\

Enclosed we send you
Test certificate acc. to EN 10 204/3.1 B

for the items delivered acc. to your a.m. order.

EISEN- UND METALLWERKE FERNDORF
GMBH
;
- Quality Dept.--

(Kiel)

Enclosure

p.6. 6905302
A

/5’ 2L = gars —

M

pD-572%23 KAEUZLTAL-FERNDOGRTF MUHLENWEG Z2-6
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BENDER -&3- FERNDORF

Abnahmepriifzeugnis
Test certificate EN 10204/3.1 B 2of2
Werks-Kom.-Nr.: 21 186 Werkstoff: L 485 MB
job number: material:
Chemische Zusammensetzung
Chermical composition
Schmelze |C % Si%  [Mn% (P% 5% A% [Nb% |Ti% .  [V% CEV
heat
388834 0.09 | 039 | 181 | 0.014 | 0.001 | 0.031 | 0.061 0.087 0.39
388824 0.09 | 040 | 1.65 | 0.014 | 0.000 | 0.034 | 0.061 0.087 _ | @3a
[
EERTiF!ChDO N.* l\
Stiickanalyse L
Product analysis
Schmelze C o Si% [Mn% [P% S % Al% |Nb% |Tite |V% CEV
hezat
388834 0.08 | 0.40 | 1.53 | 0.01%2 | 0.002 | 0.033:| 0.046 | <0.01 | 0.062 0.38
358824 008 | 037 | 1.54 | 0.018 | 0.002 | 0.031 | 0.050 | <0.01 | 0.087 0.29
Abnahme

Kreuztal-Ferndorf, 09/10/01

Der Werk

!
s r’ér:.g'l.rerstéind'15;»3
The W

(Kiel)
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CERTIFICATE

aoatda 25.05801

: ThyssenKrupp Stahl
RE. (NQ.): 009600203001 DUISBURG-HAMBORN Ein Untemehmen van
Treyssenkrupp Sieal
DISED-NER. Werks-hir, Bestall-pir. El il e SR
R e & | Works-No. Cerder-Mo,
Mo de Fusine Mo de commande

131/74272282.242279 = 02035225591

B 02035234223

Thyssenbrupp Stahl - 47169 Duisbury

THYSSEN SCHULTE GMEH

POSTFACH 210842
D 57032 SIEGEN

DOCUMENT ON MATERIALS TESTS EN 10204

‘1 DOCUMENT DE CONTROLE DES MATERIAUX EN 10204
Blalt-Nr.

Page-MNo,
INSPECTION CERTIFICATE 3.1 B Page-No

BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 24

Werkstoll ; Creality | Matirisu | Lisferbedingungen ; Specification ; Condflions de livraisan

L 485 ME / DIN EN 10208
‘.

=
rkinvg- Zeichen des Lieferwerkes:
Ma : ¢ -
Marque: MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. porrertos ﬁgk%'

Margue d'wsine;
Thpisaniupp Sak

TYEE OF PRODOCT

HOT ROLLED COILS

CHEMICAL COMPOSITION OF

ITEM|HEAT SAMBLE EUNDLE
NO. MO .

001 {11,8 X 1600,0 [mm]
388804 5430801 5430801
188814 5430731 5430731
18BR24 5430671 5430671
388B34~— 5430521 X 5430621
3EARSL 5430511 5430511

THE LADLE SAMPLES %

\H“&’
INSFECTOR'S STAMP
CERTIFICADO N.“ t\

NUMBER WEIGHT WEIGHT
PIECES HNET GROSS

KG K&

1 32,700 32,700

1 32,660 F2. 6B

1 32,600 32,600

Y 33,880 33,880

1 34,120 34,120

" 5 165,880 165,980
e 5 1&65,9E0 165,980

HEAT NR. e s1 MY = = AL-G HB
IBBE04 30 R 1,60 , 014 ,000 , 036 ,OB1
388814 .10 38 P , 014 001 ,034 , 058
388824 .09 , 40 1,65 , 014 , 000 ,034 , 061
388834 , 0% ;39 1,61 , 014 , 001 ,031 ,089
388854 ;10 37 1, 6D , 014 ,000 , 029 ;057

ThyssenKrupp Stahl BVl RAa e 50 Bt dor Pribi

Thiis &5 5o carify, that (e k&S] resuis ane

Abnahmetechnik :

In agreement with Iha spacilications. |
Pows conlirmons qua ks nbsyliats des sssals 300
conformeas sux condllions cotvanuss da vanle,




CERTIFICATE ThyssenKrupp Stahl

RR. (NO.): 009600203001 DUISBURG-HAMBORN Emn Unilesmedenen von
Thyssenkrupp Sieel
DISPO-NR, Warks-Hr. Baztall-Hr. . El 12.10.01
Wk ok R Warks-Ho. Order-ha.
Mo de |'usine Mo de commende

131/74372282.24229 = 02035225581
gu47e 2905601

B  g2035224223
BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 24

Thyssenkrupg Stahl + 47161 Dusburg

DOCUMENT ON MATERIALS TESTS EN 10204
THYSEEN SCHULTE CGMBH DOCUMENT DE CONTROLE DES MATERIALX EN 10204
Blatt-Mr.
Page-Ma.
FOSTFACHE 210B42 INSPECTION CERTIFICATE 3.1 B Page-Hao 2

D BT032 STEGEN

‘Wierksioff ; Quafity ; Matériau | Leferbedingungen ; Specificaton | Conditions de fvraizon
L 465 MB / DIN EN 10208
1.

&
Kennzeichnung: Zeichen des Lisferwerkes:
Marking: . . - Sunpliar: e
sl MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. garefmhe r#g%u
Thaserkeupp St
\HP4’
W
188804 , 085
386814 , 083
388824 , 087
328832 082
388854 , 080
MECHANICAL CHARACTERISTICE TENS I LE TES T
HEAT- SAMPLE 1yPOSIT TEST R RM R/ L0 A AGT EM X A
NO . NO. 2)STAT. TEMP RM
I} TYPE °g. HN/mm? N/mm?* ¥ mim % %
3168804 543080 + 20 53§ 655 82 110 29
1)0129 2)0001 3)0002 RTO,5
388814 543073 + 20 528 661 B0 110 27
1)012% 2)0001 3)0002 RTO, 5
388624 523067 + 20 523 656 80 110 26
1) 0129 2)0001 3)0002 RTO, 5
386834 543060 + 20 545 €71 §1 110 26
1)0128 2)0001 3)0002 RTO, 5
388854 543047 + 20 586 687 85 110 24
1)0129 2)0001 3)0002 RTO,S
ThyssenKrupp Stahl En whd bastiitigt; dass g Ergobnissa der Pridungon

gen veanbarian Lslerbadingungon enmsorechen.
echnik Eﬁ“wmmﬁmﬂ X
= s g
Abnahmetechni ,;ﬂm‘.ﬁ-mmu.mmmmmm
conlormas aux Sondiions conwanues dé venis.




CERTIFICATE ThyssenKrupp Stahl
NR.(NO.): 009600203001 DUISBURG-HAMBORN Ein Uiamehmen von
# Thyssenkinupp Steel
DISPO-NR. Werke-Nr, Bl N, ) @ 1%, 10,00
R R K Wirkis-he CrrcharaMa; A
e
ks Rodecommande  131/74372262.24229 |@ 02035225591
60478 29.05601
&l 03035224222
TrryssenKrupp Sahl - 47161 Duisburg BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 2d
DOCUMENT ON MATERIALS TESTS EN 10204
THYSSEN SCHULTE GMEH -| DOCUMENT DE CONTROLE DES MATERIAUX  EN 10204
Blatt-N.
Page-No,
POSTFACH 210842 INSPECTION CERTIFICATE 3.1 B pageNs
D 57032 SIEGEN

Werksiof ; Cually ; Matériau | Lisferbedingungen | Specificalion ; Conditians de ivrason
L 485 MB / DIN EN 10208
%

&
Kennzelchnong: Zeichen des Liefenwerkes:
Marking: li
Mamue MATERIAL, HEAT-NO., MANUFACTURING/SAMBLE-NO. ﬂﬁ&g};g: ,ﬂdﬁb.
ThrissaRrupp Stakd
HiH
[cerTIFICADO N L~ w
MECHANICAL CHARACTERISTICS I MPACT TEST
HEAT- SAMP- 1) POSIT TEST- ENERGY
NO. LE NO. 2) STAT. TEMP .
3} FORM X 1 2 3 M
188804 543080 + 0 19%,0 280,0 207,0 232,0
1)0129 2)0001 3)0007
188B14 543073 0 S0l SIS e BO0,0  R0T0
1) 0129 2)0001 3)0007
188824 543067 + 0 250,0 @24¢,0 246,0 247,0
1)0129 2)0001 3)0007
I8B834 543060 £ 0 175,0 189;0 1£1,0 175,0
1)0129 2)0001 3)0007
S8E854 543047 + ©0 188,0 200,0 194,00 194,0
1)012% 2)0001 3)0007
MECHANICAL CHARACTERISTICS E DT W -"TB S T
HEAT- SAMPLE POSIT STAT. TEST- SHEAR-FACE ENERGY
NO . NO. TEMP XBE1 ZB1 KB2 ZB2 EAl EA2
Lt % % % %
388804 543080 0129 0001 + 0 100 100
388814 543073 012% 0001 + 0 100 100
I G
ThYSSEnKTUpp Stahl immmmw Prfm-uun

Abnahmetechnik i agreamard v Ihe cpecificaions. ]
eenis confirmons que ks risufiats des assals gont
confprmas sy conditions corvenues de vare,




CERTIFICATE

ThyssenKrupp Stahl

HR. (NQ. )= 009600203001 DUISBURG-HAMBORN Ein Uniarmatmean von
Thyssenkrupp Steel
DISPO-NR. Werks-Mr, Baslail-Nr, 1210001
W OW R RN W Warks-Ma, Ordar-fa.
Mo de I'usine Mo de commands i
131/ T7A43T228B2.24228 ﬁ 02035225591
oG4a78 29.05602

B p20-5224223

Thyssenkrupp Stahd - 47961 Duisbaarg

THYESSEN SCHULTE GMEH

POSTFACH
D 57032 SIEGEN

2108432

BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 2d

DOCUMENT ON MATERIALS TESTS EN 10204
‘| DOCUMENT DE CONTROLE DES MATERIAUX EMN 10204
Blatt-Mr.
Page-No.
INSPECTION CERTIFICATE 3.1 B Page-Mo g

Wernsin! | Quality ; Matérizu | Lisferbedingungen ; Specification ; Conditions-de fvraison

L 485 MB / DIN.- EN 10208

TYPE IMPACT TEST
Q00T CHARPY - ¥

WORKS EXPERT

SYSTEM AND IS VALID ACC.

Wenzel [/ Sartoris

&
Kennzeichnung: Zeichen das Liefersaries:
Marking: . . o ler's mark:
Mowe MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. pohelsmex ﬁﬁ}ﬁ
ThpssenFaupp Sk
[cerTiFicADO N L\ \F'IH/
HEAT- SAMPLE PGSIT STAT. TEST- SHEAR-PACE ENERGY
NO. NO . TEMP KBl ZB1 KB2 2B2 EAl EAZ
o~ % % % 3
| s
| 388824 543067 0izg 0001 + 0 100 100
388834 543060 0129 0001 « 0 100 100
188854 543047 0129 0001 % 100 100
STAT. POSIT
00014AS ROLLED 01=TOP
TYPE TENSILE TEST FOSIT
0002EFLAT TENSILE TEST 26=DIAG. 29 DEGREES

THIS CERTIFICATE HAS BEEN ISSUED BY A QUALIFIED ELECTRONIC DATA
TO EN 10204, PRRA.5 WITHOUT

SIGNATURE .

ThyssenKrupp Stahl
Abonahmetechnik

4 wind baslitigl, doss de Ergebnizsn der Prifursgn
den vansinkaten Lisfernedingungen arisgsiechen
Thits &5 bo certify, Thal the 651 reguis Bre

1 agreement with Ihe spocifications, |

Kaonis ponflirmons: qua bas nisullals des easais sont
condormas sux condikomt ConYanes de vanls,




CERTIFICATE

ThyssenKrupp Stahl
FR.(NO.}: 009600110003 DUISEURG-HAMBORN

Ein Umeméhman von

Thyssersrupp Siesl
DISPO-NR. | werks-hr. Bestelir. = llil 17,33, 00
FEEEEE T R ‘Works-Ma, Crrder-ta.
Mo de "usine Mo de eernmande 3
131 /74372282 .2a9F2Y Ty 02635225593
29.05601
B 02035224223
Thysseakounp Stahl - 47161 Duisbum BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 24
DOCUMENT ON MATERIALS TESTS EM 10204
THYSESEN SCHULTE CGHMEBEH i DOCUMENT DE CONTROLE DES MATERIAUX EN 10204
Blakt-Nr
= = Page-Mo,
POSTFACH 210842 CERTIFICAT DE RECEPTION 3.1 B Page-Mo
D 57032 SIECGEN

Weerkztoff | Queality | Matérau [ Lisferpedingungen | Spedification ; Condibans de livraisan

I. 4B5 MB /5DIN EN 10208

&
Ex#ﬂhm! Zeichen des Leeferweres;
- . » [ n Suppfier” :
i MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO.  ooesma h'éeu
Thyseanfiuss S
AR
INSPECTOR'S STAMP
TYPFE OF PRODUCT ICERTTFICADG N® h
WARMEREITEAND ¥
ITEM | HEET SEMPLE EUNDLE NUMEEER WEIGHT WEIGHT
no. MO, PIECES NET GROSS
o0l 11,8 X 1008 [mm]
e G
388764 542033 5430893 1 2 T e B 33,300
388764 543054 543094 1 32,560 22,960
2BE8T7 94 543086 542086 3 32,120 FZ 120
38B794 543087 543087 1 35,020 ia, 020
3887594 5230E#8 3432088 3 34,220 34,220
2EEBT D4 5430E8 5430889 i 34,400 34,400
JEBED4 54_3051 SAZ0BY 1 34,080 34,080
IBEBBEDA 5430682 543082 1 33,820 33,820
3B8804 543083 543083 1 23, EB60 i3, 8680
28EED4 543084 543084 1 34,220 34,220
3I8BE14 543074 543074 1 33,900 Z3,800
38814 543075 543075 1 13,620 33,620
38814 543076 543076 % 34,9380 34,880
ApBEE1L4 543077 543077 1 34,040 34,040
3BBEB14 543078 S54307E 1 34,120 34,120
3g8B14 543073 243G73 ¥ 33,860 33,880
3688249~ 543068 (= 543068 ol 4,080 34,080
38B824 543068 543065 1 34,240 34,240
3BBREZ24 543070 543070 1 iz, 060 32,060
JBBEZ4 543071 S43071 1 24,080 34,080
1
Th}'SEEHKmpP Stahl Es wird beslbigs, dasa dis Ergabrisss der Prifurgen
dan vereinbianan Lislerbedingungan anisprechen.
Abnahiatschnik Treg Ie Lo cartily, thal the Wzl Py ane

In sgresmant with ihe cpaciications.”
Beows QONAIONS QU bok rkdullals des sEEmE G0
coniormiat By condlione conwanier O4 varda,




CERTIFICATE

—

ThyssenKrupp Stahl
HR.(NO.,}): 0092600110003 DUISBURC-HAMBECOER Ein Unsemnehmen won
Thyssenknopg Sieel
ODISFPO-NR. ‘Werks-r. BesielHr, L‘LI i . B I o ¢
FEEEEFE LT Works-Mo. Oregianu.
N da I'usine Ko de commands :
131 /743722B82.24228 - 02035225581

282.,.05601

B D20352243223

Thyssenkrupp Siahl - 47161 Duisburg

THYSSEN

BOSTEACH

D 57032

SCHULTE GMBH

2i0B42
EIEGEN

BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204

2d
DOCUMENT DN MATERIALS TESTS EM 10204
‘| DOCUMENT DE CONTROLE DES MATERIAUX, EM 10204
Blat-Me.
Page-No,
CERTIFICAT DE RECEPTION 3.1 B Page-No 2

Warksiofl D Cheabty @ Matérisu | Ueferbedingunasn | Spesification  Condiions de hraison

I, ¢85 ME / DIW EW 10ZD28
5

=
Hennzeehrong, Zelchen des Lieférwerkes:
g MATERIAL, HEAT-NO., MANUFACTURING/SAMBLE-NO. oohersmid 11;&‘”
Terrrenfocs Sehl
CERTIFICADO N.| f‘ W
1TEM|HERT SAMPLE BUNDLE NUMBER WETGHT WEIGHT
WO . MO PIZCES NET GCROSS
Ing8z4 543072 523072 3 74, 540 34,540
3BEOE34 543063 K 543063 1 3400 34,100
3IBBE3Y 543064 S432054 1 34,500 34,500
18BE34 543065 543065 3 34,060 34,060
igg834 543066 543086 ¥ s 2e 34,240
1BEE424 543053 E43053 T 33,7210 iz, 720
JEBE44 543054 S43054 5 34,460 34,460
1EBE44 543055 543055 1 13,680 33,660
IBBB42 543056 5230856 il 33,720 33, 720
IEEE44 5430585 S43058 1 " 34,000 34,100
3BE854 543048 543048 it i4,040 14, 040
3B8B54 543048 5453049 1 12,080 34,080
3B8B52 543050 543050 4 33,980 33,980
b 3 1116,3E0 1119, 380
- 33 11319,380 1118,3860
CHEMICAL COMPOSITION OF THE LADLE SAMPLES 3
HEAT NR. ¢ 51 MN D g AL-G CE
IEBTEA ,10 , 3B 1,63 , B35 , 000 034 022
368794 ;-0 P40 1,68 ;015 ;001 ;038 ;023
2Bg8804 Pt | +38 X,60 pL A ;000 036 028
388B14 o L0 f 38 1,82 PO < o Y , 001 ;D034 L2
ZEEBZ4 ;09 PAD 1,65 . ,00o , 034 ;026
3geR34 , 08 .39 1,81 018 001 , 031 L 023
3gBBR4a . 08 38 1,63 PO 5 . B0 028 F 023
SEBESa o B i 1,60 , 014 , 000 02 L 0E2
¥
ThyssenKrupp Stahl £ 30 Mot vass ¢ Expitaions o Brihoaeo
Abnahmotechnik Tl e SAC I e

TR
o e - 155 D301
Mo cordimand gue los rkeullals det ssrms sonl
Cono L B Conddens cansenual &8 vaile,

Q5 eC00
VOA ST




CERTIFICATE

ThyssenKrupp Stahl

HRE.(NO.): 008600110003 DUISBURG-HRMBORN Ein Unternehman von
ThyssenHnog Stes]
DISEO—HRR. Werks-hr, Basial-Hr, . I.!...l 17.11.00
R e ‘Works-Mo, Orderdio,
Mo de IMusine M d= commands

133 /7437228 2423 = 02035225591
2905601

& 020353242323
BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 2d

Thyssenbouap Stahl - 47161 Dusburg

DOCUMENT ON MATERIALS TESTS EN 10204
TEXYSSEN SCHIOLTE GMBH ‘| BOCUMENT DE CONTROLE DES MATERIAUX EN 10204
Blatl-MNr_
Page-Mo,
POSTFACH 210842 CERTIFICAT DE BECEPTION 2.1 B Page-Mo 3
D s7032 SIEGEN

Werisiefl | OQusbty | Malérau [ Lielerbodingungen ; Specificelian ;. Conditons de liviaison

L 4835 MB /=DIN EN 10208

&
Fanazechramg: Teichen des Lsfaraerkes: h
Marque- MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO: o dvens nfvsgn
ThraseKipy Siasy
CERTIFICADO N? t‘ \X/
cu MO NE HI v CE1
AEETEL 018 L 001 e it | L0020 , OBS &0
3887584 1 B L0061 G058 ,0xe . DES , 40
JE8E04 L0211 , 004 061 , 022 , 0BS5S 318
IBER14 D18 , 003 ,0E8 022 , D83 , 35
IBEEZ4 el , 001 051 1B LB ET P
3886834 013 , g3 ,0=¢ , 0148 ,0B2 e
JBEBE44 , 014 , 003 , 057 L0185 - ,DEs , 39
IBBESH S014 L 00a , 057 , 321 , DED ;38
CEI=C+MN/6+ [CR+MO=V) 5+ (HI<CT) /15
MECHANICAL CHARACTERISTICS T E N 8 I L E T E 8 T
HERT- SAMPBLE 1} POSIT TEST R M R/ Lo A RAGT ENMN X R
NO. HO: 2} 5TAT. TEMD EM
3)TYPE % W/ mm? N/ mm? % mm i 5
3BETE4 543046 + 20 552 EE7 B2 110 25
1jolze 2)o0bi 2)o0003 RTO,5
3BET784 543085 + 20 547 669 B2 110 26
10125 2)o0001 3)0003 RTO, %
3E8804 5430B0 + 20 538 655 82 110 25
1yo0i2e 2)o0001 2)0003 RTO,5
JE8814 543073 + 20 528 661 BH 110 27
10129 :2)o0001 3)0003 RTO,5
[ =3 sl [ e Beiyne der Prifungen
ThyssenKrupp Stahl e
Abnahmetechnlk Thit Is 1 cartty, thal The les! repulls ore

Iy mgreaman! with the tpecticslions,” . :
Hous cordemons que et phiuliats ded sdest 1onl
eohbarmat Bux ceadifons coranuaL du wenle.

e




CERTIFICATE

ThyssenKrupp Stahl
NR.IHO.}: 005800110003 DUIESBURG-HAMBORN Ein Uniemenmen von
Thyssenkrupp Siest
DISPO-HEHE. Werks-fi Bestelnr, . I-l] x o s B el v
o w o wow oA Warkshia, Ordara.
He de | usi WMo ds nd :
i el 131/74372282.24229 |§ 02035225591
20, 0560]
B 02035224223
Thyssentruap Stahl - 47161 Duisburg BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 24
DOCUMENT ON MATERIALS TESTS EN 10204
THYSSEN S5CEULTE GMEH DOCUMENT DE CONTROLE DES MATERIAUX EN 10204
Blati-pr.
' Page-No,
POSTFACH 210842 CERTIFICAT DE RECEPTICH 3.1 B Fage-Ho 4
D 57032 SIEGEN

WerkEl D Quality | Matériaw | Lisdercedingungen ; Spacificabon ; Condtions de hvaison

1L 485 ME / BPIN EN 10208

¥

. =
Henrzeshiumsg: Zeichen des Ldeowerkes:
barkirsg: _ = Suppler’s mark
Nesiue MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. preitinl nﬁé%q
Thrueeifruee Sty
- RIH
CERTIFICADO N,
HERT- SAMPLE 1) POSIT TEST 5l EM R/ Lo R RET EM X 2
NOo. HO, 2} §TAT. TEMP EM
1) TYEE fE. Mfmm? N/mm? % mm % X
IBEBBZ2Y SL43067 + 20 523 E56 80 119 26
1)0129 2ypoo0i 3)o003 RTO,5
38832 543060 $ 20 545 [r TR e B 111 26
1)gizs 2zyoool 3yonoa RTO,5
38BB44 543052 +. 20 563 E6E 85 110 23
1) 013 Y0001 3)O0003 RTQ,5
I8BE54 T43D4 + Zo SEB 657 85 410 24
1)0125 2)o0o001 2)oo03 RTO0,5
MECHARICAL CHARACTERISTICS I M PR EC T T E 8T
HEAT- SAMP- 1) POSIT TEST- ENERGY
NO, LE NO. 2)5TAT. TEMP
Z)FORM B0y 1 2 3 M
l38B784 5430456 + B0 250,0 258,0 2854,0 253,0
130129 210001 3)o007
386794 543085 + 0 219,0 =z28.,0 20a,0 217,0
1)0129 2)00061 3)0007

ThyssenKrupp Stahl o wod basdng,dnss S Ersabriasn do Prlhngen

. Trus i 1o cartiy, thal Lhe Lkt fesults Bte
Abnahmetechnik In sgreamant with the speciicstions,
; Mo coalirmens gue et rbrultait 989 saEsis sonl
casniormat Bux condifans CofmmanuRE de venle.

-




CEETIFICATE ThyssenKrupp Stahl

NR.{NCG.}: 009600120003 DUISBURG-HAMBORN Ein Untemehmean von
Thiyssenkoupp Sleel
DIZPO-KE. Werks-r. Besteh-r p [1‘..' 13721360
B el A Worke-Ha, Crgar-ha.
Ho ge Nusine He de commande

131 /7437228224228 o 020352255891
28.,05601

& 02035224223
BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 2d

Thysseakruop Sahl + 47167 Duisburg

DOCUMENT ON MATERIALS TESTS EN 10204

TEYESSEN SCHULTE GHEBEH ‘\POCUMENT DE CONTROLE DES MATERIAUX EN 10204

Blati-Nr.

PageMo,

FOSTFACH 210822 CERTIFICAT DE RECEPTION 3.1 B Pape-No
C 57022 SIECERN

Yerkssd | Cmlty | Mawensu | Lielerbadegurgen | Spacification ; Conditons de lhwealsan

L 4B MB [/ DIN EN 102068

£
Kz chrame Zeichen des Lisferweroes:
el = - i o o Supgplier's martc ﬂA
Lo MATERIAL, HEAT-RO., MANUFACTURING/SAMFPLE-KD. Hirqu«d'usin:: LTS EEH
Thiy v s Slaky
[cerTiFIcADO N | l‘ \AlH/
HEART- EAMP - 1) BOSIT TEST- ENERGY
NO. LE RO. Z ]85 TaT. TEME
1} FORM i ik 2 3 M

IBREO0E 543080 - 0 Yes 0 250,0 207,40 232,40
1)o1ze 20001 3)G007
IBEEB14 543073 + P 20650

216,0 200,00 Z07,0
116129 2)Y0001 3)0007

318EB24 5430867 - 4 25050 244 ,0 Z246,0 247
l)yolze 230001 20007

3BEE34 543060 + @ i%s,6 289,08 ier,0 27s,0
10129 2yo00xr 3)0007
IEEB4a4 543052 - 0 158.,0 i78,0 i76,.0 313,08
110228 10001 310007
IERERL 543047 < 0 188,0 Zoo,0 1%&,0 iF&,0
170128 21'0001 3 0007
MECEANICAL CHARACTERISTICS B DT W- TEST
HERT=- SAMPLE POSTIT STAT. TEST- SHEAR-FACE ENERGY
HO. HO. TEMP KBl 2Bl EB2 ZB2 Ehl EAh2
o i & % % £
38BTE4 S543046 0129 0001 -+ 0 100 100
ThyssenKrupp Stahl £ wied bastil, dute die Ergabnisss der Prifungen

Son verairtierian Linhereckn gungon ariip e,
i Triz ba o casdify, thal tha sl repdis are
Abnahmatechnik in mgreeman il he pecicstions,’, "
Hous confimans que 1o FEUELE det BEEEiE TN
eenilormec i condifions COfrelaEE 08 venle

a -




CERTIFICATE ThyssenKrupp Stahl N
RR., HNO.): 005600110003 DUISBURG-HAMEBORN Ein Untemehmen von
ThyssenHep Steel

DIEZ0-KER, Weiks i, Betiellir ; ] P e e T T
rE TR R W T Werks-ha, Oirder-Ma.

Ho de usi o de cormra g ¥

RS e memmaner 131/74372282.24229 |§ 02035225591

28.05601

& 02035224223
BESCHEINIGUNG UBER MATERIALPRUFUNGEN EN 10204 24

Tryssentuop Swhl - 47161 Duishurg

DOCUMENT ON MATERIALS TESTS EN 10204
TEYSCEN SCHULTE GMBE OOCUMENT DE CONTROLE DES MATERIAUX EN 10204
Blat-Nr.
Fage-No,
FDETFACH 210842 CERTIFICGAT DE RECEPTICN 3.} B Page-Mao &
D =3032 SI1EGEN

Wercsiot . Dusity | Matécau | Liefersedingungen ; Specification : Cancilians de fvrasan

L. 485 ME f-,_z:r:z«:r EN 10208

,E
Elnx;m: B Zeichen des Lieferwarkes
; ATE : —r T he - Supplier's mark:
Lamus MATERIAL, HEAT-NO., MANUFACTURING/SAMPLE-NO. ;2Fetoos -H;QE,
Trysrenfoaos Siaki
5 ' \TE/
l CERTIFICADO Nt ’*
|
\HEAT- SAEMPLE POSIT STAT. TEST- SHEAR-FACE ENERGY
1N HO. TEMF KE1 231 XKB2 Z32 EE1 EAZ
| B % £ % 5
l3g8754 s43085 0128 0001 + 0 100 100
‘388804 543080 012s 0001 = 0 100 100
IBEEL4 543073 0128 0001 ¥ B 100 100
_3BBEZ4 543067 0125 0001 ¥ B 100 100
I3BBE34 523060 dLZe 0001 + 0 100 100
388E44 543052 0125 0001 + 0 100 100
3B8ES4 542047 012% 0001 + 0 100 100
i
STAT. EQRIT
0001tAS ROLLED 01=TOP
TYPE TENSILE TEST POSIT

CO0C02:FLAT TENSILE TEST 29=DIAG, 25 DEGREES

[ TYPE IMDACT TEST
COO0T=CHARPY- ¥V

THIS CERTIFICATE HAS: BEEN ISSUED BY A QUALIFIED ELECTRONIC DATA
SYSTEM AND IS VARLID ACC. TO EN 10204,PARA.5 WITHOUT SIGNATURE,

WORKS EXPERT : Wenzel / Sartoris

A
Es wir sl dia brdsss dar Pr
ThyssenKrupp Stahl  besi, dacs d rpeboines hgen |
Abnahmotechnik :r:: Is fo coriity, thel the mmn

Hows corfemons gue les nbsulals des Becsds £onl
LORiorTIAL BUE CONdIaNT Comenlus O8 vk,




BENDER €2 FERNDORF

Kreuztal-Ferndorf, 08.10.01

Qualitat

page 1 of 1
ULTRASONIC TEST REFORT
Works order no: 21186 Testar; Eohn/ Weinen Scope of testing
Dirnensions: G4 Sx12mm Date of testing:  20.08.01 { %) Testing o »=2ld seam {USIP 20)
Materal grade:  L4B5ME Place of testing;  Kreuztal-Femdod { | Testing of weld seam (SNUP)
Manufacturer.  Bender-Femdor Coupling Water { %) Testing of base material (OPR)
Customer: Felguera Surface: rough [ )} Testing of pipe ends {REP)
Evaluafion by:  Manufacturer Typeof equipme  USIP { ) Testing of edge zones (RZP)
i ) Manual testing (HF)
[
Adjustment: UsIP 20 SNUP OFR REP RZP HP
Testing acc. to: 10246-9 10246-15
Measuring range: 0-150 mm 0-80mm
Testing frequency: 4 MHz 5 MHz
Type of probe WT70Z4N SEGENC
Adjustment of sensitivity L‘
at the test plate with 3.2 mm @ hole and notches I CERTIFICADO N.*
Reference reflector
max. defect echo 100 % BSH dB 45 dB dB dB3 dB
Threshaold 33 % BSH dB 40 dB dB dB dB
Adjustment of sensitivity
acc. to AVG
Reference reflector Backwall Backwall Backwall Backwall
max. back echo dB dB dB dB
Threshold | us dB 4B dB
Transfer correction +2dB af] +2dB dB d8 dB
Remark:
Eisen- u. Metallwerke Ferndorf GmbH




BENDER-€2-FERNDORF

Works order no.:. 21186
ULTRASONIC TEST REFORT Equipment: usie
Fipe No. Hold peints | Transverse g Indications indications indications okay
seam indication of the of the of the
edges zones | base malerial pive ends

1 *

2 A

3 X

4 x

5 2x

=] Aa + Al

7 &

8 Aa+ Al

g A

10 X

11 2%

12 *

13 *

14 X

15 A

16 X

T Aa + Aj

18 CERTIFICADO NP | é A

19 A

20 b

Aa = Hold point outside
Ai = Hold point inside




Durchstrahlungsbericht Kom. Nr. 21186
Cirdar-o
radiographi&ce rtificate Rohre
tem 1+2 moes. 914 @x 12 mm
Auswertizng nach
customst Felguera gvalaban 6es. 0 _E[t{ 10248-10/ class 1
Prifatlck Priffumfang
et st spirally welded pipes Scope of tasting weld seam ends, repairs
Beurteilung durch Prifungaoet US-indications
| iudgemant of manufactu_r__&_tr plsce of 1251 ﬁrﬁuﬂaiaFerndm‘f
Réntgenanlage Dicke
e-rary tube Fhl'lpE MCM —321 thackness 12 mm
Brennflack Film Tyg 3
Jrocus 4% 4 mm R film type T200
Rihrenstrom
amperage 10 mA Cﬁﬂﬁuﬁaﬂﬂ Ne | l‘ 6 x 400 mm
Réhrenspannung FokusiFilm-fbsiand
oitage 1685 KV ool distanco 700 mm
Belichiungszell Prifanordnung 2
/ | i 1 min, EXpOALIE BTANGEMERE picture 2 E
wstall Gruppe der Crrahtstege :
material |..4B?!H'|B image quaity indiea W10FE
Fipe Beurteilung Mote |Pipe Beurteilung Mote  §Fipe Beurteilung hote
Mo jpdgement 2 e e, jutigemant e ne |Mao. judgemant & fna
Malas|BalBel C| DJ|ERfER| FR T | 2 L AalssjBajpe) C] O |EnjEs) FP 1] 2] 2] & AalspBajml C| DfFajEe| FRof2a]a] 4
1 X 12 X
1A X 124 *
2 e 13 i X
248 * 13A *
3 A X 14 X
3A i 144 A
4 Y 15 b
44 ks 154 X
5 bt 16 b g
28 A A 164 4
5] X 17 b4
GA b 1TA )4
i )7 X 18 X
TA X 184 X A
8 X b 19 X
8A X THA X
9 X 20 *
94 A 204 A
10 X
104 bt
11 bt
114 b
Aa = Paren O = Wurzetfehler e = erflll
parcesity Imezk of rool fustan tulfalad
Ab = Schiauchart, Gaseinschiul? Ea = Langsrisse ne = picht erfill
Lwarm heles {plpes) larg-cracks natt ulfiEed
Ba = Schiacken ver, Form u. Richtung Eb = Querrisse C = Bindefehler
siag Enciusion of any shape in any directicn trarS-gracks lack of fesean
Bp = Schlackenzeilen F = Einbrandkerben
wlug lines undercuts
Abnahmegeselischaft Qualitatssicherung/Kontrolle Seite 1 van 2z
. it o Eisen- u. MetaliwERE7Rndorf GmbH == 2
Unterschrift  Qualitatsstelle 7 Prafaufsicht Zeugnis Nr.
sagnatune carticate no
Datum 09.10.01
poiabe




Durchstrahlungsbericht Kom. Nr. 21186
CiderMa
radiographic-certificate Rohre
|pires 8148 x12mm
——e——
Pipe Beurtellung Mate  |Pipa Beurteilung Mote  |Fipe Beurteilung Hote
Mo judpement a2 ne [Ma. Judgamant B ne Mo, Judgemeant e ne
A AhfBalBb| C | D|Ea|Es| FR £ 2 & AsfAb|EsjRE] Cf DiEajEaf Fl 1| 2} 3] 4 Sajrn|BalBe)l C] Dfeales| FR1 ]l 20 3] 4
SKA X X
5K2 b A
BAa X
GAJ X
8Aa b
BAI A
11K i b
| 11K2 A X g
=
| TAa b
17AI b
THTCAT 4‘4
Abnahmegesellschaft Qualitatssicheryng/Kontrolle Sere 2 ven 2
e Eisen- u. NRAGRTEE rﬁ ndorf GmbHe=: -
Unterschrift Qualitatsstelle  Prifdufsicht Zelgnis Nr,
shgnaduie / o a0 no
Datum 08.10.01
clmler




ZENTFIALLABDR SIEGERLAND

BRAUN & CO.

Physikalischae, chemische und metallographische Werkstoffprifungen

Schadensuntersuchungen

Hauh D8 LM 300 Somn o
[LAF Domsfmif e SAbp TR R

Friteane et
Frifiasormran
.
P g
£

L _:

DAF-P-5 | (080 de-00

O BRI K e e e

fgegenstands. Dieser Bencht darf ohne schrifiiche Genehmigung des Priflabors nicht auszugsweise vervie|faltig werden.

Die Prifargebnisse bezighen sich ausschlieflich auf die Pra

Auftraggeber . Ejsen-u.Metallwerke Ferndorf Abnahme : 7LS Seite 01 von 01
Grstamer s Muhlenweg 2 = ey of
Regelwerk :
57223 Kreuztal ol e EN 10208
ZLS-Prisf-Nr. : Grundwerkstoff :
ZLS test-Mo. ; 7671 base metal : e
Proben-Nr.:  gg7 4 Zusatzwerkstoff :
leat-Mo. ! ' filler matal
Kom,-Nr. : 21186 Warmebehandlung
kom.-Mo., ; heal treatmant :
Abmessung : = Schmelze/Blech-Nr. :
dimension : t=120mm heatiplale-No, - ohne Angabe
HARTEPRUFUNG " Prifverfahren : HV Priiflast : 5 kp
hardness reading EN ISD6a07-1 tesimethode © load ;
Lfd.-Nr. Harte Lage | Lfd.-Nr. Harte Lage Lfd.-Mr. Harte Lage Lfd.-Mr. Harle Lage
M. hardness Pesition Ma. hardness Positian ha. hardness  Paosition Mo, hardness Paosition
1 294 P 21 41 g1
2 222 HAZ 22 42 G 5
3 237 Wit 23 43 63 &
4 225 HAZ 24 44 E4
& 223 P 25 45 G5
5 209 P 26 45 5157
T 229 Haz 27 47 &7
B 232 W 8 48 fits]
g 278 HAZ 79 49 B9
10 218 PM k1] 50 7o
11 3 51 71
12 32 52 T2
13 a3 53 73
14 24 54 74
15 as o “ 75
18 36 CERTIFICADOseN. 76
17 37 57 T
18 38 58 78
18 39 55 T3
20 40 €0 a0
Skizze ; EM unbesinflufiter Grundwerkstoff
parent metal
HAZ wammebeeinfluflite Zone
heat alfected zone
WM Schweitgut
weld metal
4 _5 L Position | position PM HAZ W
]
\\\\ Mindestwert / minimum : 209 222 242
Mittelwert  /means: 216 226 235
Maximalwert / maximum ;: 223 229 237
Bamerkung !
é A0
0o —— = = T = = ==
! | | | | | | - =
254 | _i_ T | |
y BRT—————— ___._-a—'—':"!__'_‘—'—-—-_._.._ _II—-—._._‘_‘\__.,_//_—J_ — _—I_—-—____.__‘___-
E e—— | . A :
5 g ‘
176 —_ C—_— - —_ — H S —
. — ! _—
; i 4 7 B g 1
SPPRY g Freudenberg, den28.09.2001
Abnahmegasell —Thspection sociely:
L




Makroaufnahme
Macrophoto

BENDER-©9-FERNDORF

Probe Nr.
Specimen No. £4£7. A

CERTIFICADO N.?




L4585 ME

Designacion Simbdlica L 485 MB
Numérica 1.8977 ]
Norma UNE-EN 10208-2:1995 5
g

COMPOSICION QUIMICA CARACTERISTICAS MECANICAS

I_ T
C% 0.16 max P%. 0,025 max e

: ' 485-605
.\:'!I'EIE'IT =005

8% 0.020 max | Mn% 1.7 max Rm
MNimme

L]

Si% 0.45 max Cr% 0.30 may .
i U min

- ! II':. ]
Ni% (.30 Mo%: 010 max Resiliencia

[ Jmin |

1 |
Otros elemenus %

CHros ensayos |

Nb:0 06 max

| DOBLADO: 6w

I_-.‘._:: Vi - N:OAH2 man |
] '._\f" :.|...- o
"~ [cerTIFIcCADO N® £r ™

USO PREVISTO: ' ' - : '

FERR I IREEL TS souladee para e rins der 1o

CIBSE RN AUTONES: . IS
oA 7oy FOAN ALEXTI 13 e

|
aoe = o |

“AENOR
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= (
INSPECTION CERTIF]CA’I‘E No: 8979325

SIDEX According ta: FN 107204

GALATI — ROMANTA f"’g)

] Contents 12 pages
CUSTOMER :  "TRANSACCIONES SIDERURGICAS S.A." \- 'T{f- ;\
ORDER 2 03059

PRODUCT CHAPA GRUESA DE ACERO LAMINADA EN CALIENTE E£N CAL [DAD
5275J263 SEGUN EN 10025

NORMA EN 10025 / 94 ; EN 10029 / §I

4
3P

Jon
Al 2

EXTERNAL ASPECT : SUITABLE
DELIVERY STATE  : NGRMALIZING ROLLED
DATE — © 29.01.01  ADVICE OF DISPATCH : WAGON .

|
NP
(erren

R 4,43&15

(d

LOT: 1
TOTAL NUMBER OF PIECES = 1177.

NO. DIMENSIONS IN MM  PIECES US WEIGHT  HEAT GQUALITY
ORD KG NO

/.1/.

1 6 X 2000 X 12000 27 936427 S 275 J203
0102(1,2)
03/1
04/1,2
05,2

06/1,2
07/1 CERTIFICADO N»* 6
09/1
10+11(1,2)
12/2
13=17(1,2)
? 6 X 2000 X 12000 31 936427 S 275 J2G63
1B=26(1,2)
27 /2
28+33(1,2)
3 & X 2000 X [2000 16 036427 S 275 J263
34/1,2
1Ty
36,2
37+42(1,2)
4 6 X 2000 X 12000 10 936403 S 275 J2G3
= 38+42{1,2)
5 6 X 2500 X 12000 23 922748 S 275 J2G3
01+03(1,2)
o4/

L T0 BE CONTINUED
A 2009
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Certificat: 8979325

84

105
108
107
108

108

110
——41]
~112
113

20

20

" 20

20
20
20
e
22

22
Fard

25
£h
25
25
25
25

02+03(1)
0a,/1,2

2500 X 12000
05/1,2

06/1
07+08(1,2)
2500 x 12000
09+10(1)
11/1,2

12/1

2500 X 12000
13+14(1,2)
3000 X 12000
05+07(1,2)
3000 X 12000
08+09(1,2)
3000 X 12000
13+15(1,2)
3000 X 12000
16/1,2

2500 X 12000
01+04(1,2)
2500 X 12000
01/1
02+03(1,2)
2500 X 12000
04/1,2

2500 X 12000

3

9722683

922683

822683
936356
936356
822702
922702
936359
922705

922705
22691

01/1,2

02/1 CERTIFICADO N.*

2500 X 1200
03/1,2

2500 X 12000
04/1,2

2500 X 12000
05+07(1,2)
2500 X 12000
05+07(1,2)
2500 X 12000
08/1,2

3000 X 12000
01/1
03=05(1)
3000 X 12000
06=10(1)
000 X 12000
09:13(1)
3000 X 12000
14/1

2500 X 12000
11-15(1)

TO BE CONTINUED

i
i
b

92269]
922691
922705
936358
43b35%

936360

936360
922705
922705
936360

275

275
275
275
27h
275
275

275

275
275

275
275
2715
275
215
275

275
275
215
275

PAGE

7/1

J2G3

J2G3
J26G3
J2G3
J2G3
J263
J2G3
J2G3

J2G3
J2G3

JEG3
J2G3
J2G3
J2G3
J2G3
JZG3

J2G3
J2G3
J2i3
J2G3

QUALITY CONTROL DEPARTAMEN?
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Certificat: Bo7932%
PAGE :
NQ. DIHEHSIEHS TN MM PIECES US WEIGHT HEAT  QUALITY
ORD KG NO
114 30 X 2500 X 12000 4 936360 § 275 J263 e =
16+18(1) M2 g o
20/1 o S
115 30 X 2500 X 12000 5 922705 S 275 J203 (3 Oy
01:05(1) ol
116 35 X 2500 ¥ 12000 2 936360 S 275 J2G3 EER
21+22(1) (55 &3
P17 35 X 2500 X 12000 3 910777 5 275 J263 P
03:05(1) & i
—$118 35 X 2500 X 12000 4 536363 5 275 J2G3 & £
— OT=04(1) Sl & g3
118 35 X 2500 ¥ 12000 4 936363 S 275 J2G3 3
05:08(1) = oS
120 40 X 2500 ¥ 12000 4 922709 S 275 J263 -
06+09(1) .
121 40 X 2500 X 12000 ? 922709 S 275 J7G3
10+11(1)
122 40 X 2500 X 12000 4 936363 S 275 J263
09+12(1)
123 40 X 2500 X 12000 1 822705 S 275 J263
08/1
124 50 X 2500 X 10000 4 936337 § 275 J263
01+04(1)
125 50 X 2500 X 10000 3 936337 S 275 J2G3
06+08(1)
»126 50 X 2500 X 10000 4 936337  § 275 4263
09-12(1)
127 60 X 2500 X 8000 4 922682 S 275 J7G3
01-04(1)
128 60 X 2500 X 8000 922682 S 275 J2G3
06/1
a5 CERTIFICADO gﬁz
129 60 X 2500 X 8000 § 275 J263
09:12(1)
130 40 % 3000 X 10000 4 822709 S 275 J263
12+15(1)
131 40 X 3000 X 10000 922709 S 275 J263
15+1?¢'; :
MECHAN:CA L CTiES T8 f
HE TESTS REFERS TO THE ABOVE rraws WITH THE SAME NUHBEH ORD. |
NO. BRM RE A5 BENDING 15-:)'.! |
ORD % TEST -20 °C I
N/MMZ  N/MM2 J '
1 488 382 29 64- 61- 69
»2 520 390 30 60- 63- 6]
3 482 346 30 65- 70- 64
4 483 366 32 71- 82- 70
5 498 363 33 50- 56- |
|

10 BE CONTINUED

QUALITY CONTROF. DEPARTA MENT




Certificat:

8979325

PAGE

922672
926326

MECHANTICAL T
TESTS REFERS TO THE ABOVE ITEM

E3 IS
S WITH THE SAME NUMBER ORD.

11/

""""""""""""""""""""" it it R [ P
RM RE A5 BENDING IS0V P o
% TEST -20 ¢ i
e e ) S & S | 5 549
483 341 28 136- 140- 136 Zsei
498 358 30 130- 131- 136 7 58
472 335 27 142- 148- 152 LGE gD
495 372 24 103- 121- 128 e @ 3T
495 372 24 103- 121- 128 0 B
490 378 75 126- 126- 118 m g
487 365 29 161- 163- 156 G B
502 393 24 121- 132- 118 T 83
481 337 25 86- 110- 90 =
500 364 26 100- 88- 118
485 338 26 88- 82- 118
479 350 26 156- 160- 152
464 313 26 140- 148- 171
511 430 26 58- 41- 46
488 362 28 64- 81- 70
479 363 26 9]1- 96- 80
446 318 30 31- 29- 38
471 324 26 110- 98- 118
478 325 30 67- 58- 70
481 351 28 53- 48- &0
472 331 26 93- 94- gg
478 337 26 100- 90- g2
484 357 30 4. BB =
478 350 130 85 58| GERTIFICADO N. IB
468 338 20 60- 50- 72
484 337 37 68- 70- 74
484 344 28 i24- 120- 132
498 318 32 J2= “Bf= I8
484 318 30 70- 82- 90
450 312 30 82- 100- 115
479 325 32 62- 72- &2
470 331 29 54- 56- 56
LLED POURING SAMPLE ANALYSITS 9,
MM ST s P AL AS CR NI cu V N2 NB Cf
BELOW
0.0 0.23 0.020 0.023 0.040
0.89 0.29 0.014 0.028 0.052
0.91 0.25 0.015 0.017 0.053
0.92 0.27 0.012 0.020 0055
0.92 0.25 0.010 0.016 0.050
(.93 0.23 0.010 0.035 0.050
0.98 0.22 0.014 0.023 0.040
0.84 0.27 0.012 0.017 0.062
0.85 0.28 0.012 0.018 0.066
0.84 0.30 0.012 0.020 0.055

936355

TO BE CONTINUED
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“0.F. 10607

A

HIERROS LAMNADOS ASTURIAS, S

CERTIFICADD N2

001

ACEROS - VIGAS - REDONDOS DE CONSTRUCCION - CALISBRADOS - TUBERIAS - CHAPAS
Avda Argentina, a/n. - Apartada de Cameas, 383 — Telfs. 832.29.00-04-08 — Fex (98] 532.76.96

33213 GUOM (Asturias)

CERTIFICADO DE CALIDAD

NUMERO DE PROVEEDOTR 40000028
NUMERDO CERTIFICADO: S04

NUMERO PEDID(:3.921 v 3.933

NORMAS DEL CERTIFICADO ORIGINAL: EN 10204

N*13.302 y 13.324 FECHA: 2371072001
DETALLE DE LOS FRODUCTOS:
POSS | COLADA | PRODUCTO | LONGITUD | MODELO NORMA NORMA CALIDAD
{mm.) CERTIFDO. | MATERIAL | FABRICACION
1 35068 CUADRADD 6,000 2.2 ENI021@ 5T44.2
H0X6004
2 6359/99 PLAMNO 6,000 3.1.B EMI0025 52751
— 30020 e
3 5437410 PLANG 6,000 318 S275IR
J0K15
4 082747 PLANO 6,000 1B EN10025-94 UNE36-543-80 §275IR
140X6
5 D5618 | CARRILERA 6,000 22 DING5413 FEP02GZ275 |
&0 sy
CERTIFICADO . | 7
COMPOSICION QUIMICA:
POSS| C% Mn% Si% 5% P% Al% N% Ce% Ni% Cr%
| 0,140 {850 0015 0.011 0.014 0.047
2 .160 0.530 (.080 0038 0.012
3 0.137 0.564 178 0005 0.004 0007
4 0. 100 (0.580 0.170 0.043 0012 0.259
3 0.056 0.240 0.010 0.006 0.010 0.040
PROFPIEDADES MECANICAS:
POSS | LIMITE ELASTICO | CARGA ROTURA | ALARGAMIENTO IDENTIFICACION ESPESOR
M/mm2 M/mm2 % CHAFA MUESTRA MUESTRA
| 409.0 456.0 340
r 1 410.0 457.0 33.0
X ] 257.0 444.0 318
3 298.0 444.0 M6
4 322.0 452.0 41.0
3 284.0 391.0 42.0
5 270.0 3R2.0 40.0 |

DATOS CORRESPONDIENTES AL CERTIFICADO DE CALIDAD DEL PROVEEDOR.

CONTROL DE CALIDAD DE HIERROS LAMINADOS ASTURIAS S.A.

CANTIDAD SUMINISTRADA: 60 Metros v 810 Kgs.

CARGO: 6908300-000

pEDIDO :DORRTDG. e
2004 - 2002, 20032004

MR

PLANO FA0BR00: 4G Rey..0)

S

AT




— TT.I. - Tubacex Tubos [noxidables, S.A.

Homietrn Meroantll da T 587 Folls 15, Hels Wt 7008 - W,LF. A2 TE0ITT B

B

MILL TEST CERTIFICATE |reses 1/ &1 R0e9
L J EN 10204 3.1.B cate-27 .10 2000 1 i
_TUBACEX
CUSTOMER LLOTUBES, B.A. ro -TES2 OUR REFERFNCER471
STANDARRD :DIN 17458 PRl
ADDIT.EPECS -
GRADE :1.4301-1.4306 (MECATEX] DIMENSIONS .80 X 50 X 15
MATERIAL  :SEAMLESS STAINLESS STEEL TUBE - .
HOT FINISHED; PASSIVATED; :'
PLAIN ENDS SQUARE CUT: —
~==-ITEM----- -HEAT- No. OF ---WEIGHT-- -TOTAL LENGTH-
YOUR TT. ¥R, PIECES RG --UNIT LENGTH--
2 ZBEEZ/BED 3g 5067 192,33 3,7 - 6,3 Mrm.

HAW MATERTIAL
MELTING PROCESS: ELECTRIC FURMACE « A.Q.D FrROM: ACERALAVA
PEELED BARS; MACROETCH TESTING: GOOD;

f1} ] En ] ol s Hi cr
L 25882 Q.022 1,45 G.400 0,025 0,0260 1p.20 18,25 i
s 1:'.'332 0,021 L. 44 o.400 0,925 0,0250 10,20 ia, 20 £

{1} L+ LADLE; C: PRODUCT

sar smmsmmxr | CERTIFICADO N-*| B
QDLUTIION ANWEALED AT MIN 1040 *C RAPIDLY COOLED L= .

L TESTS = - TENSIOH----- e mm——————— -—~IMDACT TES T S-- HAOIDNESS
I'IR- HR. TEMF. =-==== MPA @ ==sc=== % 3 B0
EEAT TEET BRM RP 0,2 RP 1,0 A Z TEMP. MINIMUM AVERAGE
28882 855H 20 578, 0 291.0 337,70 46,0 T8
TECHNOTOGICALS

RING EXPANDING TEST: GOOD

1
METALLURGICAL TEST
INTERCRANULAR CORROSTON: DINSO914/NFRA0S1SS T1/AZeZ2PRACT'EZ/ISOI&SIMETH AY :GOOD

HON DESTRUCTIVE TEIT
100 % HYDROSTATIC PRESSURE TESTED AT 60 BAR , DURING 5 .5EC, GOOD
STEEL GRADE CHECKED Of EACH TUBE BY SPECTROGRAPHY

DIMENSIONAL CHECKING ON EACH TUBE, SATISFACTORY
VISUAL INSPECTION OM EACH TUBE, SATISFRCTORY

/ OTHER MATERIAL SPECIFICATIONS
NF A49317 + ASTM AS511 Z2ZECN1S8  10-09 + MT304-304L
MARES
T3
TUGACEX &0 & 50 L1.430i-1.4506 (MECATEXR) CE S35 B ey
NF B49-317 Z2-Z6 (N 18.10-09 COULEE/..... ASTM-A 511 MT304-304L
HERT ;- =i PMI
REMARKS T

TOL. = IS 2938

ALBARAN 604301 & 804919 INORGENTER, S.A.
£& CO Cr At son
e Caf ¢ n# 20 Sector € Zond Fnre

mmmr_-,\nr'E'LD""“

We horcoy Certlly Thet the materisl birsin oessriDed his been
mavdactured, sengied. brited 20 Umoecied In axproance with
BOOVE SIaNGETS Bnd Sperificatinew and iffes e ordors
retasrements,

This Cerfificre & kued oy 3 compulered am-nmrt,umq_-,_‘
wiToUt sigroture. On the ofginy certificate the reeporttides -
e roo colcred & Eamped. s

W Cam tne Gwher Of O OUIQING CEruecITE WU relelme §
mrﬁmmmm:smﬂﬂmmwmmurE-

T e PRRGE N SATAR ™
INp,iICFQ Albaran: 6835, £02Y .

Identificacién: 33002 € . KA0%3co
WA.: 1005 & (006
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VASTAANOTTOTODISTUS INSPECTION CERTIFICATE A 1/2
® RAUTAR U UKKI ABNAHMEPRUFZEUGNIS CERTIFICAT DE RECEPTION

ey 12468 -D1
STEEL 3
EN 10 204-3.1.B (DIN 5004%-3.1B) BE03251y
Tilams Purchaser Bectstellor Acheteur Vestennntiaja Consignee Empfanger Deslinataine Pamvambied Date Datom Dets
FELGUERA CONSTRUCCIONEE FELGUERA CONSTRUCCIONES 02.10,2001
ES-33%30 BARRDS, LANGREOD, SPAT ES-33610 TURON MIERES ASTORIAS
' ' 6902300
TOIMITUSERA DELIVERY LIEFERUNG LIVRAISON Laatulcimaus Quality Stamping — —
ASTRET, O Murkenbezeichnung Cuslite
({ETT] 3 ;
ﬂgﬂ.c‘qll.ung Commande APT-13391 P35 EHI"? H ﬂ“ ? {'\'
Mn-r-rkj;i. Mark
ﬁﬂ:ﬂr‘l:irﬁl:%ﬂtr Connrmatian 12468 Sulatit nro levy nm Cadl Mo plae Mo Ko MWK i MK
e EESe s Gl
vﬂ:‘;‘ﬁﬁiﬂéﬁm“mm AMELAND Zrichen det Herdtellers Signe du produgieur ® Uﬁ
Toimiiustyypoi Delivery e TOTAL DELIVERY T e e ool
T:;’i:.tnuill:m:l;?ienj: P IRl Vaitaamatiejan leima Stamp of Surveyor
Feugnis Cerlifioat St=mpe] des Sachversidndigen Foincon d lexpent
Muut leimaunkset Ciher Stamgs
Andere Stempelung Lot sules repares palngnne

Tuote Pro Tolerassnf Tolzrmpees Toleranzen Tolersnest

b =
Bremsgastorey Pesdsa HEAVY PLATES EN 10029/1991 CLASS B =
Fﬁ;@ﬁﬁ#w_ ) EN10028-3 P355NL2 EN 10028 DEC 1992 . *ﬁJ

L 13 A% iflcati T —
Lastusetvitys Qually Speciiation  wuiic WELDABLE FINE-GRAIN PRESSURE VESSEL STEEL
Teknitst vaatimuksel Technical lerms. of
jaial vicallisel Drelivery wndfor
mdiriykiet (iMicsl Regalations
Lieferhedingungzn Stipulations de 1a
und/oder amtliche commandes =t'an
Vorichriflen pretoriplions afficelbas
Posilio] Mitst mm Meckii Kpl Paing kg Sulatgs levy oo Koe nro
ftem | Dimentions mm Mask P Weight kg Castgdate Na Teit Mo
Pos. | Abmessangen tim Zeicken Selick Crewichit kg Schmels Walztzfel Meo | Praf Mo
Ponie | Dimensiont mm Margue Canntile Poidr kg Caules Tole Na Exsai No

YIELD STRENGTH, ELONGATION AND IMPACT TEST CHARPY-V AT -50 DEG. C
34/24 J/CM2 [TRANSV.) TO EN 10028.
NORMALIZED STEEL PLATES

SURFACE CONDITION EM 10 163-2:1%91 CLASS B3

001 45.00 X 2070 X 6210 . 9082 62363 021 021
001 45.00 X 2070 X 6210 2 9082 62363 022 022
001 45.00 X 2070 X 6210 2 9082 62363 041 041
001 45.00 X 2070 X 6210 :7: 9082 62363 042 042

* g 36328

" 8 36328

Lt 8 36328

[EERTIF'.CADD NS® 10

T#4S A A Zo 02.10.2001

Tilen todistam:ms, eiti toimilus an
RAUTARUUKKI STEEL e _
Teslous ja tarkastus Testing and [nspection Wi herely ceriify thal the malerial deicribed sbove has been
Prafung und Kantrolle Esmix el Conimole Lested and complier with the terms of the order contract.

Es wind heriatigt, duss die Lieferung geprdl wirde ond
des Verslnbarungen bei der Bestellannahme entsprichi.
Maous cerlifion: gue Ia livrison el conforme aug
slipulaticay do |'scc=plion’ de la commande,

,ﬂf. P P T

A
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